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FOREWORD

This conference is the seventh in a continuing series of symposia sponsored by the Southwest
Florida Water Management District and the Florida Department of Environmental Protection to
disseminate the findings of current stormwater research, as well as the latest developments in
watershed management. The conference is designed to provide a forum from which a wide
range of stormwater treatment and watershed management ideas and issues can be discussed and
debated, and where research results can receive initial peer review.

This year’s conference included papers emphasizing watershed modeling, retrofitting
watersheds, meeting government mandates, understanding nutrient cycling and providing public-
private partnerships. Twenty-four professional papers and five posters offered engineers,
scientists, and regulators with the most current ideas and data available so that more efficient and
cost-effective best management practices and predictive models can be developed and
implemented.

Betty Rushton
Eric Livingston
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AN INNOVATIVE MODEL FOR WATERSHED MANAGEMENT AND THE
DEVELOPMENT OF NARRATIVE TMDLS

Avinash S. Patwardhan, Ph.D., P.H.
Principal Water Resources Engineer
Farhan Shaikh
Web Design Specialist
CH2M HILL
800 Fairway Drive, Suite 350
Deerfield Beach, FL 33441

ABSTRACT

Water quality standards in Georgia are intended to provide protection for designated uses.
TMDL (Total Maximum Daily Load) targets are based on these water quality standards. In cases
where numeric water quality standards are not available, narrative standards are used for
developing TMDLs. These narrative standards cannot be allocated, hence there is a need to link
the narrative standards to pollutant loads generated from the watershed.

The Web-WISE (Watershed Improvements through Statistical Evaluations) Model has been
designed to link the watershed pollutant loads to narrative standards, i.e. biological indices.
Specific biological standards based on biological indices such as IBI (Index of Biological
Integrity), Fish Score and ICI (Invertebrate Community Index) are used as measurement tools
and are linked to various pollutant loads from the watershed. The Web-WISE model allows the
user to view various scenarios based on desired goals and make technically sound decisions for
developing narrative TMDLs. The “what-if” scenarios allow the user to screen various
combinations of BMPs (Best Management Practices) and present a reality check by way of cost-
benefit analyses. The model also allows local governments to track new developments and
control the amount of pollutants carried by runoff from the site by use of BMPs.

KEYWORDS

TMDLS, Watershed Protection, Sustainable Development, Compliance, Web-WISE Model

INTRODUCTION

Proposed rules being developed by the U.S. Environmental Protection Agency (EPA) to revise
requirements related to TMDLs distinguish, for the first time, waters that are impacted by
“specific pollutants” and those that are impacted by “pollution”. Waters that are impacted by
specific pollutant(s) are considered to not be meeting the uses associated with that pollutant (e.g.,
aquatic life, water supply, recreation, etc., depending on specific state water quality standards)
and must be included on state impaired waters lists [303(d) lists]. TMDLs must be developed and
implemented for these listed waters in accordance with a prioritization established by states and
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the EPA in accordance with the rules. Waters that are considered impaired because of
assessments not related to specific pollutants or water quality criteria, such as impaired biotic
criteria, are also required to be included on the 303(d) lists, but a specific schedule for assessing
and correcting the impairment is not required by the proposed rules.

In Georgia, the state agency requires local governments to conduct detailed watershed
assessments and develop management plans in order to continue to expand municipal point
source discharges. The agency requires the assessments for specific 303(d) listed waters as well
as all watersheds associated with the service areas (sewersheds) for the specific wastewater
facilities. The watershed assessments include watershed characterizations (water quality
monitoring, biological monitoring, and habitat assessments) and various levels of watershed
pollutant modeling.

Watershed characterization data and modeling results have been used to develop statistical
relationships between biological conditions and various watershed parameters. Indices of benthic
macroinvertebrate and/or fish community biotic integrity (as dependent variables) versus habitat
conditions, watershed imperviousness, and pollutant loads have been developed for the various
watersheds. The best statistical relationships resulted in cases where there is a wide range of
biological impairment, including severely degraded urban streams.

The Web-WISE Model has been designed to link the watershed pollutant loads to narrative
standards, i.e., biological indices. Specific biological standards based on biological indices such
as Index of Biological Integrity (IBI), Fish Score, and Invertebrate Community Index (ICI) are
used as measurement tools and are linked to various pollutant loads from the watershed. Once
data are entered, the model automates the watershed improvement guideline (goals set for
biological integrity) derivation process. The model allows decisions to be based on multi-
parameter relationships Web-Wise works as a preliminary screening tool for BMP scenario
evaluation and allows the user to view various scenarios based on desired goals and make
technically sound decisions for watershed protection.

MODEL OVERVIEW

Web-Wise has three components:

e Watershed improvement guideline derivation
e BMP scenario analysis

e New Development Performance Review

Watershed Improvement Guideline Derivation

Purpose
The purpose of the watershed improvement guideline derivation analysis is to identify

meaningful relationships between in-stream biological conditions (representing stream health)
and subbasin conditions (including habitat and pollutant loadings). The ultimate objective of this
component is to use the findings to develop guidelines for meeting the community’s watershed
protection and/or improvement goals. The correlation and regression analyses are based on the
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assumption that good biological conditions depend on both good water quality and adequate
habitat.

Methods

The impacts analysis consists of a series of correlation and regression analyses. These analyses
are performed using biological, habitat, and pollutant loading data from the two study areas and
the four reference stations used in both studies. In-stream biological conditions (including fish
and macroinvertebrate scores) are classified as dependent variables, and subbasin characteristics
(including pollutant loadings and habitat scores) are classified as independent variables.

Independent Variables. Independent variables are those that can influence or limit the dependent
variables (i.e., in-stream biological conditions). The following parameters were evaluated as
independent variables for each monitoring point in the study:

e Stream habitat score (raw score)

¢ Subbasin area effective imperviousness (percent)

e Annual pollutant loading rates for each pollutant of interest (in pounds per acre per year)

Dependent Variables. Two basic dependent variables were considered in this analysis: fish score
using the IBI, and macroinvertebrate score using the Georgia Biological Protocols. These two
dependent variables are measures of stream aquatic integrity. The IBI, which is an aggregate of
several fish metrics, comprises the fish score. The sum of seven community and population
metrics makes up the macroinvertebrate score.

Overview
This component of the model uses a four-step process: data entry, correlation analysis, regression
analysis, and derivation.

Data Entry. The main objective of this step is to compile all information in one database. The
Excel sheet format allows data from biological and modeling results (PLOAD) to be linked with
ease. Linking restores the data integrity and minimizes the QA/QC process considerably. The
data entry module allows easy export into Microsoft Access® for web-site and database
purposes. Figure 2 illustrates the data entry module.

Database for Correlation Analysis Back to Main Menu |
Total
Station/ Upstream | Total Flow | Fish Raw Benthic | Benthic TSS
Subbasin Acreage (MG) Score? Fish Rating Score Rating {Ibfaclyr)
STH 1 3,832 2,841 TA M, 1 Foar 1815
STH 2 5,922 4205 40 Fair 18 Good 1,744
STH 3 5,192 3,486 TA M, 16 Foar 2,086
STH 4 3,357 2,027 32 Foor 16 Foor 2,116
ST & 14,084 3,841 A MA, 19 Good 1,649
Reference Stations
REF-1 46,372 29,053 46 Fair-Good 30 - 5490
REF-2 5,146 5,146 432 Fair 28 - g7
REF-3 4 594 4 594 46 Fair-Good 30 - 356

Figure 2 - Data Entry Module
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Correlation Analysis. The correlation analysis is used to review and evaluate relationships
between dependent and independent variables. The results of this analysis are exported in a
correlation matrix (Figure 3), which is based on a strictly linear correlation and shows the degree
of association between the various dependent and independent variables.

The correlation coefficients (r-values) shown on Figure 3 range between negative 1 and positive
1. A correlation value of 0 indicates no correlation between the independent and dependent
variables, and a value of either —1 or +1 indicates full correlation. A positive correlation
coefficient indicates that as one variable increases, the other variable also increases; conversely,
a negative correlation indicates that as one variable increases, the other variable decreases.
Correlations greater than 0.5 (absolute values) indicate a strong relationship and are shown in
boldface print in the correlation matrix.

Correlation Analysis Back to Main Menu |
. 78§ | zing Mabitat Benthic L. b o
Correlation Matrix (b/aciyr) (b/aciyr) Raw Raw Score
¥ ¥ Score Score
TSS (Ibfaciyn 1.00
Zinc (Ib/aciyn) 0.59 1.00
Habitat Raw Score -0.48 -0.33 1.00
Benthic Raw Score 065 049 0.47 1.00
Fish Score 0.62 0.64 0.47 0.61 1.00

Figure 3 — Correlation Matrix

Regression Analysis. Using one or a few numerical summaries to characterize the relationship
between dependent and independent variables runs the risk of missing important features and
making erroneous conclusions. Graphical interpretation of scatter plots captures the salient
features of the relationship among variables that may otherwise be missed. One major feature of
a scatter plot is that it shows a// the data. Figure 4 presents the graphical interface designed for
the regression analysis and explains each feature.

Guideline Derivation. The Guideline Derivation Module brings together the results for the
correlation and regression modules and displays them in a user-friendly interface. This module
allows the guidelines to be based on the benthic macroinvertebrate, fish, and habitat data using
each variable’s relationship with the pollutant parameters. Figure 5 presents the Guideline
Derivation interface.

The “Choose Guideline” function in the Guideline Derivation Module allows guidelines to be
based on several statistics. For example, if the TSS relationship with macroinvertebrates, fish,
and habitat is strong, the user can derive a guideline using a mean or a median of the three.
However, if the TSS relationship with fish and habitat is strong, but with macroinvertebrates is
weak, then the user has an option of deriving the guidelines based on only the fish and habitat.
Figure 6 presents a snapshot of the “Choose Guideline” function.

Patwardhan and Shaikh
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The regression equation and the regression coefficient are presented to assess the relationships among the variables.
The regression plots are automated.

Integrity ratings for the benthic macroinvertebrates and fish are presented in the graphical output.
Regression lines can be plotted using linear, logarithmic, and exponential relationships.
Various relationships can be viewed within this graphical interface.

The print option allows the user to print all the graphs with the push of a button.
Integrity ratings are documented with the interface.
This option allows the user to choose the desired aquatic integrity rating as a goal for watershed management.
This function uses the regression curve (1) to predict the required pollutant loading rate based on the desired aquatic integrity goal
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Automated Tool for Watershed Improvement Guideline Derivation S4F fnsissis |

Figure 6 — “Choose Guideline” Function

BMP Scenario Analysis

TES [Ibfacter) j EOD(Ibfasfyr) ﬂ TF [Ibdazter]) ﬂ Lead [Ibfazivrl ﬂ EOD [Ikfazivr) j TSS [Ibfazdyr) -
Benthic Score
18 - 1625418 16.254 1.053 0.041 16.254 1,625.418
Correl Coef -0.649 0511 -0.637 0,483 20511 -0.649
Fish Score
36 ~ 1,594.902 14.931 1.020 0.037 14.931 1,594.902
Correl Coef ™ .0.619 0673 .0.589 0.637 0673 .0.619
Hahitat Score
65 + 1,808.119 17.515 1153 0.044 17.515 1,808.119
Correl Coef ™ 0478 0,352 -0,399 10,364 0,352 0478
Choose
Guideline: 1,625.418 16.254 1.053 0.041 16.254 1,625.418
Figure 5 — Watershed Improvement Guideline Derivation

Choose
Guideline:

Mean

Median

Benthic

Fish

Habitat

Mean - B&F

Mean - F&H

Mean - BiH

The BMP Scenario component is a tool designed to evaluate scenarios for watershed
management planning. It allows users to choose BMPs for the different land use types in a study
area, and outputs the loads for the scenario using the future modeled loads from PLOAD. This
component realistically evaluates the validity of the improvement guidelines by comparing
(i.e., worst-case scenarios without any controls) with the loads
predicted for each scenario. The main characteristics of this component are described below:

existing and

futureloads

Analysis can be performed on any delineated sub-watershed in a study area (Figure 7).
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Figure 7 — Screen Capture of “Choose Watershed” Dialog Box

(a)

The “Choose BMPs” function allows users to select BMPs (including multiple combinations)
for various land-use types. This function analyzes implications of guidelines and scenarios on
new developments and allows screening of scenarios for retrofitting of existing
developments.

Figure 8a presents the BMP analysis menu and Figure 8b presents the types of BMPs used in
the model. Note that the option for “Developed Areas” on Figure 8a allows for screening
retrofit scenarios.

Choose BMPs for Future Commercial Land Uses HE
Choose BMPs for Future Land Uses [ E3 -
oK,
o -Recommended BMPs :
Residential | 0K :
; [ Extended Wet Detention Pond ’
(b) [ SandFilters

Industrial | :

I et Detention Pond [ Grassed Swales (5% slope)
Institutional | I Constructed Wetland [™ Grassed Swales (5% slope, darm)

[ wegetated Filker Strip

Cammetcial |
Developed Areas |

~BMPs nok Recommended For Piedmont Area
I Infiltration Trenches (full exfiltration)

™ Infiltration Trenches (vwater qualicy
¥ Paraus Pavement [T

Figure 8 - BMP Analysis Options

7 Patwardhan and Shaikh



Seventh Biennial Stormwater Research & Watershed Management Conference May 22-23, 2002

e Figure 9 presents the results display of the BMP Analysis Component. This interface presents
scenario results in comparison with baseline and worst-case conditions, and provides a
planning level cost analysis. The results interface also presents the current and future land-
use distribution for the chosen study area.
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Figure 9 — BMP Analysis Component Results
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New Development Performance Review

Introduction

This automated tool was developed to facilitate the evaluation of new developments in Gwinnett
County in accordance with the TSS performance criterion. The tool was developed with the
strategy of providing disincentives for installation of impervious surfaces and incentives for
leaving key areas (particularly riparian buffers) undisturbed.

The review protocol identifies four distinct types of land area on each site:

e Impervious Area — e.g., driveways, rooftops, parking lots, roads, sidewalks, etc.

e Disturbed Pervious Area — ec.g., lawns, gardens, landscaped areas, any area that was
cleared, grubbed and graded

e Undisturbed Upland Area — e.g., upland woods, meadows, and other areas not cleared,
grubbed and graded, porous pavement

e Undisturbed Stream Buffers — e.g., riparian buffers contiguous to streams, lakes, and
wetlands, including areas in the floodplain

The tool estimates TSS loadings commensurate with potential contributions from land types.
The sum of the products of the areas and their corresponding TSS loading rates (see Main Form
for the TSS rates for each land area type) represent the total uncontrolled load from the site. The
approach is simple to use and encourages site design that takes advantage of the natural site
amenities and minimizes impervious surfaces.

The computerized form automatically calculates and graphs the loading value, and provides
options for implementing BMPs on the site and designating the tributary drainage area to each
BMP. The form compares the uncontrolled and controlled loading rates to the TSS criterion.
This tool can be used iteratively in the site design process.

There are 3 main components to this spreadsheet:
1. Main Form

2. BMP Distribution Sheet

3. BMP Efficiencies Sheet

The following scheme should be followed when working with the tool:

All cells highlighted in yellow require user input.

e All cells highlighted in blue require input from the Gwinnett County Department of Public
Utilities.

e All dropdown menus require user input.

e All other cells are password protected and cannot be changed.
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Main Form

The Main form has 4 sections (see figure below).

DRAFT Gwinnett County Department of Publfic Utilities
Stormwater Quality Performance Review Form
MName of Developer: John Johnson Mame of Engineer: Joe Black, PE
Developrment Mame: Spring Trails . Tracking #: 12345
Cevelopment Type: Single Family Residential Sectlon 1 Date Submitted: 12/12/2000
Area of Development (ac): 40.00 !
BMP Distribution | BMP Efficiencies
Land Use Distribution & Pollutant Loads:
LEGEND FOR GRAFH:
Land Use Category Area (acres) TSS Rate Avg Annual TSS - T35S Load Wiout BMPs
(Ihjac) Load {Ibs) |:| TSS Load WIEMPs

Impervious Area 10.00 4,000 40,000 — — . TSE Criterion for Mew Development
[driveways, rooftops, parkinglotsete) |
Disturbed Pervious Area 25.00 1,200 30,000 h 2,000
[I_awns. gard_e_n_s_._?orous pau_e_l:r!?[l_t.etc] _____________ ol —
Undisturbed Upland Area a.00 500 2§DD o |
| [woods, preserves, ete] I R A - eCtlo n_z 1500
Undisturbed Stream Buffers 0.00 125 0 h E\

é 1,000

Totals 40.00 72,500 @ ---
hd
i 500
TSS Loading Rate wiout BMPs {Ib/acihr): 1,813
TSS Loading Rate w/ BMPs {lbhiacir) : 352 ] 0 4
whout BMPS Wi BEMP=
TSS Criterion for Hew Development{lhjaciyr): 850
Reviewsd By: Phil Weight, PE BMPs Chosen:
Date Approved: I | .k .t 1115 F# Extended Detentian Pan [Wesun,y] t' E‘\i.egm:ed iiter Strips
. . ection4
Conditions of Appraval: Sectlon 3 O Dry Detention Pond IE infiltration Trenches
F¥ Canstructed wWetland ¥ Grassed Swales [2% slope, dam)
[ zand Filters O CiléGrit Separater

1) The first section requires the user to fill out general information for the site. Inputs include:
Name of Developer, Name of Development, Type of Development, Area of Development, and
Name of Engineer.

2) The second section consists of the Land Use Distribution and Pollutant Loads. It is a
summary of information from the different drainage areas in the BMP Distribution Component.
Each computed cell in this section has pop-up notes that enable the user to understand the
processing of data. This component provides a summary of the TSS loading rates (with and
without BMPs) produced by the site. It then generates a graph to compare the two TSS loading
rates with the New Development Criterion.

3) The third section functions as a tool to track the review process for all new developments.

4) The fourth section of the Main Form is a summary of all the different BMPs chosen for the
given site. It summarizes the BMP information by drainage area from the BMP Distribution
Sheet and displays them.

BMP Distribution

In most developments, it is not physically possible to treat the entire site with one BMP. The
BMP Distribution Component aids in dividing up the development into several different drainage
areas. For example, a particular development of 40 acres may have 30 acres treated by a

Patwardhan and Shaikh
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constructed wetland and 10 acres are treated by grassed swales. The reduction efficiencies for
the two BMPs are different ( 80% and 15%, respectively). Hence the two areas should be
entered into the BMP Distribution Component as Drainage Area 1 (30 acres) and Drainage Area
2 (10 acres); the BMPs in each drainage area should be chosen in the BMP Matrix section. The
tool then computes the TSS loading rates for each drainage area. A weighted average is then
computed to give an overall post treatment loading rate for the development and presented in the
Main Form Component of this tool. Currently the BMP Distribution Component allows a
particular development to be split into 20 drainage areas. There are three sections in the BMP
Distribution Component (see figure below).

Drainage Area 2 BMP MATRIX
Section 1 BidP 1 | Canstructed Wetland (5% v
Area (acres) Erter Impervious Afess 300
Erter Disturbed Pervious Ares: 500 Section 2
Enter Undisturbed Pervious Area; 200 Bp 2 | Grassed Swales (2% shope, dam) (15% W
Enter Undisturbed Pervious Buffer Area;
Total Area 10.00
Pollutant Loads ] B 3| Hane v
TS5 Load vwiout BMP (lhe) 19,000
TS5 Loading Rate wiout BMP (biach 1,300 1
b
TS5 Load vl BMP (lhs) 356 l EMP 4| Hane v
T=% Loading Rate w/ BMP (bfacir) 369
Section 3
BMP 5 | Nong v

1) Section 1 requires the user to input the different land area types within a given drainage area.

2) Section 2 is the BMP Matrix. The drop-down menus in the BMP Matrix present the types of
BMPs and their removal efficiencies. This section requires the user to input the BMP that treats
the given drainage areca. The BMP Matrix allows the user to pick multiple combinations of
BMPs or BMPs in sequence; i.e., if 10 acres of a given site are drained by a Constructed Wetland
which in turn is drained by Grassed Swales, the 10 acres are being treated by a combination of
the two BMPs. The user should indicate this scenario by picking the Constructed Wetland as
BMP1 and the Grassed Swales as BMP2 in the BMP Matrix. However, one should note that if
this scenario arises, the removal efficiency of the second BMP will be lower than its highest
potential (i.e. the efficiency listed in the BMP Efficiency Component). The reason for the
reduction is that most of the heavy (easily removed) solid matter will be reduced by the first
BMP, and the smaller particles (which are much harder to treat) will be treated by the second
BMP. These smaller particles would reduce the potential of the BMP to remove TSS at its
utmost efficiency.

When BMPs are in a series, the equation used to estimate the removal efficiency of the second

Patwardhan and Shaikh
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BMP is as follows:
Example Site: 10 acres drained by a Constructed Wetland followed by Grassed Swales
BMP1: Constructed Wetland Removal Efficiency: 80%
BMP2: Grassed Swales Removal Efficiency: 15%
Adjusted removal efficiency for BMP2:
= Removal Efficiency BMP2 X (1 - Removal Efficiency BMP1)
=15% X (1 - 80%)
=3%

Another important note to keep in mind when inputting a series of BMPs in a scenario is that the
tool recognizes the BMP with the highest removal efficiency as the first in series. For example,
there are 10 acres in a site being treated in the following order:

BMP1: Grassed Swales Removal Efficiency: 15%
BMP2: Constructed Wetland Removal Efficiency: 80%
BMP3: Vegetated Filter Strip Removal Efficiency: 50%
The tool recognizes the sequence in the following order:

BMP1: Constructed Wetland Removal Efficiency: 80%
BMP2: Vegetated Filter Strip Removal Efficiency: 50%
BMP3: Grassed Swales Removal Efficiency: 15%

The adjusted removal efficiencies can be estimated as follows:
Adjusted removal efficiency for BMP2 (Vegetated Filter Strip):
= Removal Efficiency BMP2 X (1 - Removal Efficiency BMP1)
=50% X (1 - 80%)
=10%
Adjusted removal efficiency for BMP3 (Grassed Swales):

= Removal Efficiency BMP3 X [1 - (Removal Efficiency BMP1 + Adjusted Removal
Efficiency BMP2)]

= 50% X [1 - (80% + 10%)]
= 1.5%

3) Section 3 summarizes the TSS loading rates (with and without BMPs) for the drainage area.
Pop-up notes are inserted in each cell to inform the user about the equations being used.

Patwardhan and Shaikh
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BMP Efficiencies

This component lists the types of BMPs that can be used for the New Development Review
Protocol. It presents the BMP reduction efficiencies for TSS for each BMP type.

The following is a list of sources used for the BMP reduction efficiencies:

Schueler, Thomas R., 1987. Controlling Urban Runoff: A practical manual for planning and
designing urban BMPs, Metropolitan Washington Council of Governments, Washington, DC.

Schueler, Thomas R., 1992. Design of Stormwater Wetland Systems: guidelines for creating
diverse and effective stormwater wetlands in the mid-Atlantic Region, Metropolitan Washington
Council of Governments, Washington, DC.

Schueler, T. R., Kumble, P. A., Heraty, M.A., 1992. A Current Assessment of Urban Best
Management Practices, Metropolitan Washington Council of Governments, Washington, DC.

Strecker, Eric, 1995. The Use of Wetlands for Stormwater Pollution Control. Presented at the
National Conference on Urban Runoff Management, March 30 to April 2, 1993, Chicago, IL

USEPA, 1992. Guidance Specifying Management Measures For Sources of Nonpoint Pollution
In Coastal Waters, Office of Water, United States Environmental Protection Agency, EPA 840-
B-92-002.

USEPA, 1996. Municipal Wastewater Management Fact Sheets: Storm Water Best Management
Practices, Municipal Technology Branch, United States Environmental Protection Agency,
Washington, DC, EPA 832-F-96-001

USEPA, 1993. Guidance Specifying Management Measures For Sources of Nonpoint Pollution
In Coastal Waters, Office of Water, United States Environmental Protection Agency, EPA 840-
B-92-002.

GCSM, 1998. Gwinnett County Stormwater Manual (Draft). Ogden Environmental and Energy
Services.

CONCLUSION

The development of guidelines for watershed characteristics is largely driven by imperviousness

and land use. Use of this approach allows watershed management strategies to be targeted for

biotic integrity. It also allows integration of “pollution control” strategies for specific pollutants
where characterization and subsequent assessment show that pollution control is necessary. In
conclusion, the WEB-WISE Model offers the following benefits:

e Is a user-friendly model that helps develop narrative TMDLs by linking pollutant loads to
biological indices. This model is ideal for all stakeholders and state agencies responsible for
developing TMDLs.

e Allows users to view various management scenarios based on desired goals.
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e Allows users to make technically sound decisions for watershed protection.

The WEB-WISE model is an excellent tool for evaluating watershed protection strategies. It
allows the user to set realistic goals for watershed protection using existing and future loadings,
biotic and habitat data, and costs.

Patwardhan and Shaikh
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A NEW GIS APPROACH TO WATERSHED
ASSESSMENT MODELING
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3448 NW 12th Ave, Gainesville, FL 32605
and
Jeffrey G. Hiscock, P.E.
Mock, Roos & Associates, Inc.
5720 Corporate Way, West Palm Beach, FL 33407

ABSTRACT

The GIS Watershed Assessment Model (WAM) was recently adopted for the ArcView platform
making it more user-friendly and accessible to engineers and planners. This model, now called
WAMYView, simulates spatial water quality loads based on land use and soils and then routes and
attenuates these source cell loads through uplands, wetlands and streams to watershed outlets.
The model is almost entirely GRID based providing a higher resolution of results than models
that rely on polygon coverages. The model includes a menu interface written in ArcView
Avenue with the Spatial Analyst extension to let the user create modified land use scenarios and
compare the results side-by-side with the results of the existing land use conditions.

New setup utilities have been added to the model to increase its adaptability to new watersheds.
Because of the programming complexity, the model could previously only be customized for a
specific watershed by the original developers. The model has since been designed to allow water
resource engineers and planners, with limited GIS experience, to set up and customize the
interface for their particular region. Algorithms originally in ARC/INFO AML format have been
converted to ArcView Avenue scripts and step-by-step procedures have been established to
guide the user through the model development process.

Other model enhancements include the addition of point sources, municipal waste treatment
service areas, urban street sweeping, and BOD simulation. Known point sources of discharge
can be added at any location within the watershed to simulate wastewater treatment plants or
industrial dry weather contributions. In addition, wastewater treatment plant service areas can be
added to signal the model that certain processes are occurring so that the model can make
appropriate adjustments. These new features strengthen the urban component of the model,
which is already recognized for its agricultural and rural applications.

KEY WORDS

WAM, WAMView, Water Quality, Watershed, Attenuation, GLEAMS, Arc/Info, ArcView, Grid
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INTRODUCTION

Watershed Assessment Model (WAM) is a Geographic Information System (GIS) based model
that allows engineers and land use planners to interactively simulate and assess the
environmental effects of various land use changes and associated land use practices. WAM was
originally developed with an Arc/Info interface for the entire Suwannee River Water
Management District (SRWMD - 19,400 km2 of northern Florida) (SWET, 1998) and has since
been customized for the St. Johns River Water Management District (SJRWMD) in northeast
Florida (SWET, 2000), the National Institute of Water and Atmospheric Research in New
Zealand (NIWA, 2000), and the Okeechobee and Myakka watershed in south Florida to
accommodate their special regional and geological characteristics. WAMView (ArcView
interface version) provides hourly time series of flow, total suspended solids (TSS), BOD, and
nutrients for all the contributing watersheds within a basin. For the St. Johns River project, these
data are being used as boundary conditions for a main-stem river model being developed by the
US Army Corps of Engineers.

The GIS based processing and user interface in the WAMView model allows for a number of
user options and features to be provided for grid sizes down to 0.1 ha, features include:

Source Cell Mapping of TSS and Nutrient Surface and Groundwater Loads

Tabular Ranking of Land Uses by Constituent Contributions

Overland, Wetland, and Stream Load Attenuation Mapped Back to Source Cells
Accommodation of Point Source Information

Adjustments based on WWTP Service Area locations

Hydrodynamic Stream Routing of Flow and Constituents with Annual, Daily or Hourly
Outputs

e User Interface to Run and Edit Land Use and BMP Scenarios

WATERSHED ASSESSMENT APPROACH

The water quality parameters (impact parameters) simulated within the model include: Water
quantity, soluble nitrogen (N), particular N, groundwater N, soluble phosphorus (P), particulate
P, groundwater P, total suspended solids (TSS), and biological oxygen demand (BOD).
Additional fractionation of N and P for refractory forms and the addition of
organic carbon are currently being added to the model.

The water quality assessments utilize detailed hydrologic and contaminant transport modeling.
The method used depends on the watershed assessment parameter of interest. Based on current
and anticipated future land uses, it is estimated that nutrients (N and P) and sediment have the
greatest potential for causing adverse impacts in the streams, wetlands, rivers and estuaries
within the areas to which the model has been applied thus far. The fact that only
hydrologic/nutrient transport models have been effectively tested for use in watershed
assessments supported the decision that only the water, nitrogen, phosphorus and sediment loads
would be simulated dynamically. These parameters may vary for other regions and the model
would be adjusted accordingly.
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The modeling approach uses the watershed characteristic data from existing GIS coverages to
select the appropriate input data (model parameter sets). These data are used to calculate the
combined impact of all the watershed characteristics for a given grid cell. Once the combined
impact for each unique cell within a watershed is determined, the cumulative impact for the
entire watershed is determined by first attenuating the constituent to the sub-basin outlets for the
load generated at each cell. Constituents are attenuated based upon the flow distances (overland
to nearest water body, through wetlands or depressions and within streams to the sub-basin
outlet), flow rates in each related flow path and the type of wetland or depression encountered.

The hydrologic contaminant transport modeling is accomplished by first simulating all of the
unique grid cell combinations of land use, soils, and rain zone (New Zealand version adds land
slope) by using one of several source cell models including GLEAMS (Knisel, 1993), EAAMOD
(SWET, 2000), a wetland module, and an urban module. The time series outputs for each grid
cell is then routed and attenuated to the nearest stream and then through the entire stream
network of the watershed. The figure below shows a flow diagram of the hydrologic
contaminant transport modeling component of the overall WAM View model.

Dynamic Modeling Process

LEGEND Field Model Land Attenuation PreProcessing

D IS Coverage Parameters Files [ Land Use ] [ Topography ] [ Hydrography ] [ Subbasins ]
DASCII Datefile Default Values ) | | |

I: Interface Operation | Generate Attenuatilon Distances I

I:I Fortran SubModel

Attenuation Distance
i Coverage
Databases———————» Land Use Coefficients q
L

Data Inputs

T Stream Routing River Outlet
GIS Coverages Climatic Data I [ Network ] [ Stages ]
@  BUCSHELL ,BLASROUTQ SJR-WAM
Overlay || Create/Link Model | [ Simulate Unique | [ Attenuate to Stream INTERFACE

Coverages Parameter Sets Cells for Load Streams Routing (Algorithms

Rainfall for Cells Estimates & SubModels
Zone (new) 7 / / 1 Executed)
Land Use
(LY)

/ /

I

- " - : / SJR-WAM
Edit Land Use Unlqu'e LU/Soil Unique Cell Cumulative Stream Reach Outputs and
& Display Grid Cell Parameter Loads Loads Flow Rates & | ntermediate
VIO Files Coverages Sets Concentrations | fijes

17 Bottcher and Hiscock



Seventh Biennial Stormwater Research & Watershed Management Conference May 22-23, 2002

GIS MODEL INTERFACE
Getting Started

WAMView was developed to bring WAM to the
average personal computer user. WAMView was
written for ArcView 3.2 (or higher) with Spatial
Analyst 1.1 (or higher). The programming
language known as Avenue is provided by
ArcView and allows complex functions and menu

WAMView.... |

Lower 5t. Johns River
Waterhed

Aszessment
manipulation. ArcView itself comes with many Il
features that users have become proficient on and = =Y
accustomed to. The concept of WAMView is to T s et ‘ KA b T

leave the existing functionality of ArcView for the

more experienced users and to add the WAM &=
functions that were developed in the original Arc/Info version of WAM. The ArcView interface
is modified in a way, however, that simplifies its use and does not require extensive experience

with ArcView.
R ] [}, intcrface begins with a dialog

‘weicome bo Bt dohn Mive 'wister thed Model This model alows oty land uze and lard :
geaciis o avsmes koo s bkt i ko bl e st P s oo lehochon Gl (PLIE 8] o . box that shows the user a list of

Blighn by opiving s esking DESIECH oF it previously Save projects along

i Pl et [Fams Lot [ With the attributes of each project.
s [Foss——— Usians [ This is called the Project Manager

Descrpten and provides a means to track,

ce oy ;! delete, open or create new projects.

- Pertinent information is stored

| about each project including the
name, basin, date, user name and a
project description. When creating

Open | Cremtsbew | g | Diskets

a new project the user is prompted for this information.

After the project information is entered, the
user is then prompted to graphically select a
primary basin for analysis. A map (or
coverage) of the available primary basins is
presented for the selection. A primary basin is
defined as a collection of subbasins that
discharge to a common waterbody via a
network of streams, sloughs, ditches, etc. The
user simply clicks on to the desired primary
basin.

e e g e s g

When the primary basin is selected, an
ArcView layout appears that includes dual e e R
view ports, legends and a tool palette. The dual view ports are provided to allow for side by side
comparisons of land use scenarios, but could also be used to compare land use or soils with
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model output to visually observe the relative effects each have on the model results. By default,
subbasins are shown with existing vs modified land use scenarios. The tool palette provides basic
panning, zooming and other mapping options
including overlaying base maps such as roads,
county boundaries, etc. The zooming and
panning tools are designed to perform
simultaneously on both view ports.

The Map Options tool allows the user to change
the GIS coverages in the display. Map Options
includes two basic choices for each view port.
The land use scenario can be existing or
modified. By default, when a new project is
opened, the modified land use model output
coverages are equal to the existing land use
scenario and will remain such until the land use
is modified by the user and the model has been run.

In Map Options the map coverage can be a varicty IS I

| E S [T e | B IR N

of GIS coverages including model output for several LoV Fight Viewr
pre-run water quality parameters. The user can — i R
display any two of the provided coverages such as = wmComes Meg Coverage
subbasins, land use, soils, or topography. The user s == |
can view output in a variety of coverages as Land Lise -
discussed later in this paper. Sl L
WAMView includes all of the standard tools and ~ |. %" s

options  familiar Schtie s - (2

to most ArcView o |
users. A new
menu item, however, has been added to provide functions
specific to WAMView. The options begin with three methods
to create a modified land use scenario. The remaining options
allow the user to run the model and view the output.

2 WAM Waslershad

Modifying Land Use
There are three methods provided to create a modified

land use scenario. One or all three methods can be

4 Mg 7 i i
. . Aipradrnal =
applied to create a new scenario. Several Best oo LT Lo
Management Practices (BMPs) can be applied that are i = e © meie
developed specifically for individual regions. BMPs = === e S
may include reduced fertilizer applications or = Isssssfsin = e S
. . Foepadz - 0 Meew T Woasie Balrww L Srwesl Doy
stormwater retention, for example. The available e & s © diiim © Lo
. S Frunirg Dpes e Mo ™ Wasis Balerce ™ Foriliy wd Low Ao Doty
BMPs are land use dependant and may include = e e T Py it Pty Bl
&
several BMPs per land use. i L

o flgrm [ Feslty " Faily ad L domal Deenity
Doy - 0 Blome 1~ Felty ™ Farilly and Lo bl iy

. . . Fy [ o pigm 1 Tesilly [ Fely wel 'sues Baeos
Land use swapping is useful for assessing government %= F e et
incentive programs to encourage land owners to — Fekediemiges © e e
. . . T Mg o s 1 Pty
change their land use or practices. Both options = s e Fonlty
Bt 0 lm T Foily

(Applying BMPs and Land Use Swapping) apply =T
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changes at a global scale within the selected primary basin. The changes are applied by altering

the land use code numbers.

land use.

P T T S | e

The final option to modify land use involves
editing individual land use with a variety of
tools. “Paint shop” type tools are provided to
allow the user to literally paint on a selected
The user can select from a list of
available land uses and draw shapes onto the
existing (or previously modified) land use
coverage. Land uses with BMPs can also be
selected and added to the coverage which
provides a means to include land uses both
with and without BMPs. The fill tool can be
used to change an individual land use with one
click of the mouse button. BMPs to individual

agricultural or urban developments can be

added with the same ease and specificity.

Creating and Viewing Model Output

After the desired land use changes are made, the water
quality model can be run. This is accomplished from the
WAM functions on the main menu. WAMView creates a list
of unique land use, soil and rainfall zone combinations
based on the modified land use coverage. The information is
compiled into a format needed for the BUCSHELL and
BLASROUTE models. The models are then run
sequentially. A DOS window will appear showing specific
screen output for each model and a prompt will appear in

[ ] Thighi Vs

Lawd Lt & corunn. Lt |fse omnan.

[V st =] [ $cstund =]

s Covmagm Migs Cirve mr

[FaskP =] BT =
D Dt D Dt

7 servisied T bl

™ Unattenaed. T Urerasgiesd

7 Bmage Subbatn Load E& = Armge Tubbase Load

e Laad 1 foscelond
| teed |

ArcView instructing the user to press 'OK' when the models are complete. This pauses the
interface while the models are running. The DOS window will close when the models are

complete.

A STV Lswnr 1. otwnn Firew S oY merie Arm——r oos

ﬁ' tl
mg B L L sutns it B et At el ¢ gﬁg
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= ==
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There are three basic options for viewing model output — maps, tables and graphs. Map Options
can be used to begin viewing the results as GIS coverages. Output coverages include Soluble
Phosphorus (P), Soluble Nitrogen (N), Total Suspended Solids (TSS), Sediment P and Sediment
N. When selecting an output coverage, two sets of options are available: Attenuated vs.
Unattenuated and Average Subbasin Load vs. Source Load. Attenuation represents load
reduction (in most cases) based on the physical processes that occur as the runoff moves via
overland flow wetland conveyance. Selecting Unattenuated provides the estimated load at the
source of the runoff. Average Subbasin Load represents the mean value of a parameter over
each subbasin. The resulting map will include one value per subbasin. Selecting Source Load
provides a map with values placed on the grid cell where the runoff originated (attenuated or
unattenuated).

The table manager provides a means of viewing the results in tabular form. The table manager
includes features to list, view, create and delete tables specifically created in WAMView. The
manager itself keeps track of tables specifically created by WAMView and will list them as
Currently Saved Tables. There are two basic choices when creating a table. The average annual
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loads reflect summaries of the output coverages. The reach time series includes hydro-
dynamically modeled output for a selected stream reach. The average annual tables include
choices to summarize the data based on subbasins or land use, attenuated or unattenuated. The
user then selects a parameter. The resulting table includes a comparison of existing and modified
land use scenarios.
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The time series tables include choices regarding land use scenario and reporting interval. The
user can enter a reach number, if known, or press ‘select reach’ and select from a variety of
reaches available within the primary basin. The resulting table includes a complete list of the
modeled parameters along with the estimated flows.
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The final output option includes graphs of the time series data. Because of ArcView’s limited
graphing capabilities, WAMView has been designed to open the graphs in Excel. The user is
again provided with a means to enter or select a reach. After the reach is selected, the model will
automatically open Microsoft Excel and apply a macro to insert the model output datasets into
pre-configured graphs of runoff, nitrogen, TSS and phosphorus.

Setting up WAMView

Previously, WAMView could only be setup by the original model developers, which presented
concerns regarding “sole source” contracting. In response, setup routines have been written and
an extensive help file has been developed including a set of tutorials to setup an interface for an
overall watershed and to setup individual primary basins.

Detailed instructions are provided to obtain and setup the required GIS datasets. Typical sources
of data are listed including USGS, water management districts, local governments, etc.
Requirements for database fields and attributes are included. Similar instructions are provided to
setup or edit model parameter files. The remainder of the setup is automated with onscreen
instructions.

The watershed interface setup has been divided into four steps:
Step 1: Select Base Maps

Step 2: Select BMPs

Step 3: Setup Watershed View

Step 4: Customize Interface Layout
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Five steps have been developed for setting up primary basins:
Step 1: Create Project and View

Step 2: Generate Reaches

Step 3: Generate Depressions

Step 4: Generate Distances

Step 5: Create Default Output

Training is also available to help guide users step-by-step through the setup process. Typically,
three days of training are required to begin setting up a watershed. A follow-up session is
recommended to answer additional questions and address any site specific issues that may arise.

SUMMARY AND CONCLUSIONS

WAMView allows engineers and planners to create new modified land use coverages by
changing land uses and/or applying Best Management Practices through the use of graphical user
interface. The user can then run water quality models and compare the results side-by-side with
other land use scenarios. The model provides maps, tables and graphs for various nutrients.
WAMView provides an excellent tool for regional planners to determine and rank current areas
under environmental stress, estimate future impacts of land use management decisions, set
achievable pollution load reduction goals and establish Total Maximum Daily Loads (TMDLs).
The model is continually being upgraded to meet planners’ needs. The latest additions include
point source accommodation and user setup and installation routines.

ADDITIONAL INFORMATION

Please visit our website at www.swet.com to download PowerPoint demonstrations of WAM
and WAM View or contact SWET, Inc. tollfree at (888) 881-8507 for additional information.
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ABSTRACT

A simple non-point source (NPS) screening model was developed as an ArcView Ultility and was
applied to USGS sub-watersheds in the Tampa Bay area. This geographic information system
(GIS) based tool contains customized graphical user interface (GUI) utilities for predicting the
gross pollutant-load-potential based on landuse, soil, rainfall and storm event pollutant
concentration parameters. The tool also contains utilities that facilitate the delineation of a
watershed areas of interest (AOI), the updating of landuse and the estimation of best
management practice (BMP) effectiveness. The presentation describes the tool and demonstrates
its application by estimating historic (1995), present (1999) and future (2010) pollutant loading
potentials for selected watersheds in the Tampa Bay area. The presentation will also discuss the
proper application of the tool and possible future modifications to the tool.

INTRODUCTION

The concept of a watershed plan is not new, ancient Egyptians and Indo-Europeans developed
complex plans for land management that included the construction of irrigation canals, water
management methods, crop rotation and weather forecasting (ICS, 1999) In more recent times,
communities attempted to deal with flooding problems by developing large engineering projects
with the goal of moving water from residential and farm lands to adjacent water bodies in the
most expeditious and cost effective manner possible. In the last ten years or so, the results of the
ditch and dike methodology have been better understood, and a call for new approaches to water
resource management ushered in the watershed management methods employed today.

In the early 1970s, several groups of scientists and policy makers began to look for new tools to
attack old problems like flooding and natural system destruction. The United States and Europe
in the early 1970s began to employ an approach that was later termed "integrated assessment"
(ICS, 1999). This methodology can be described as an "interactive, process where integrated
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insights from the scientific community are conveyed to the decision-making community, and
experiences and insights from the decision-makers are then taken account of in the integrated
analysis". When applied to water-resource planning, this approach brings together such
scientific disciplines as engineering, water chemistry, hydrology, hydrogeology, geography,
biology, community planning, communications and education.

The watershed approach integrates these disciplines around a watershed focus. The resulting
plan is comprehensive and inclusive in that it allows the evaluation of problems both from a
detailed engineering perspective, and from a scientific and sociological perspective. On the local
level, the "flood plans" have grown into watershed plans that address not only a flooding
problem, but also the water quality and possible natural systems and human community issues
that are related to a flooding issue (Hillsborough County, 2000). On a regional or state level,
activities of multiple agencies have been focused into an integrated assessment approach to solve
large regional watershed problems (TBEP, 1996), and on a national level, this approach
combines regional efforts to address the larger national issues.

The state of Florida’s five water districts maintain extensive GIS databases and develop
watershed plans on a regional basis. The Southwest Florida Water Management District,
(SWFWMD) for example, has divided the District boundary into eleven watersheds that
correspond in most cases to the USGS catalog units. SWFWMD is in the process of developing
comprehensive  watershed  management (CWM) plans for each of the
watersheds (SWFWMD, 2001).

To assist the CWM process, SWFWMD is developing a CWM Decision Support System (DSS).
The objectives of the DSS effort are to improve the support provided by the GIS section to
District CWM teams and local government, and to develop a future condition prediction
capability for water quality, natural habitat, flood protection and water supply. Ultimately
SWFWMD will use this capability to evaluate local government plans and community
development plans (SWFWMD, 2000). One element of this DSS effort is the development of a
GIS-based non-point-source pollutant load tool (NPLT). This tool and its application are the
focus of this paper.

MATERIALS AND METHODS

The general relationship employed for the estimate of pollutant loading for a parcel of a specific
landuse is:

Annual Loading for Pollutant, i = £ (EMC(i) x Annual Runoff Volume x Area in Each Landuse
(Harper, 2001).

The DSS NPLT is an ArcView utility that employs a slightly more formal statement of this
relationship called the USEPA Simple Method (USEPA, 1992) . Runoff volume estimates are
used with event mean concentration (EMC) values for particular landuses to calculate gross
pollutant loads; subsequently, this information is used in combination with BMP information to
determine net loads. The EMC is determined by collecting stormwater samples over several
storm events where the stormwater runoff originates from a single landuse (or set of closely
related landuses). The EMC is the concentration that has a 50% probability of being exceeded
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during a storm event; thus, over the course of time, half of the storms will produce
concentrations higher than the EMC and half of the storms will produce concentrations lower
than the EMC. The mean of the pollutant concentrations is then determined and expressed
normally in  mg/L. The  Simple  Method  relationship  for  nonpoint
source pollutant loads employs the following formula:

L=0227ePeCFeRCe(e/4

Where :

L = Pollutant load (Ib/period)

P = Precipitation (in/ period)

CF = Correction factor for storms that do not produce runoff

RC = Weighted average runoff coefficient based on impervious area
and hydrologic soil classification

C = Event mean concentration of pollutant (mg/L)

A = Catchment area contributing to outfall (acres)

GIS themes representing landuse, soil classification, basin boundaries, and best management
practice (BMP) coverage are used as input. These inputted spatial-database components are used
in combination with user-defined tables to calculate pollutant loads. User-defined tables include
EMCs, runoff coefficients, and BMP efficiencies. EMCs are specified per landuse, runoff
coefficients are specified per soil group and landuse, and BMP removals are specified by
removal efficiencies.

Within the model, GIS themes of soils, landuse, and drainage basin polygons are intersected to
produce a new theme. Mass loads are calculated for each resulting polygon (calculation element)
and added as attributes to the theme table of this new theme. Each unique combination of basin,
soils, and landuse, hereafter referred to as a calculation element has the following minimum
attributes:

Calculation Element Calculation Element

Hydrologic Soil Group

Landuse

Element Shape — used to calculate area
Basin Identification - Multiple field, as
needed, to fully characterize the shape
from the smallest delineated basin
division (i.e., Basin B) to the largest
division for which loads are to be
summarized (i.e., Big Creek Watershed)

Landuse Boundary

Basin Boundary

Element

Note: ' EMCs are commonly assumed to ﬂ o -Basin A

follow a lognormal distribution N

Figure 1. Elements of Calculation Element
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In the model, the average annual runoff expected from each specific calculation element is
computed as the product of the rainfall amount times the corresponding runoff coefficient. A
correction factor (CF) to account for the numerous small rainfall events that do not result in any
runoff may be specified explicitly or “built-in” to the runoff coefficients. The total volume of
runoff for a basin, or other area of interest, is then determined by summing the calculated runoff
volumes for each calculation element within that basin.

Pollutant loads are calculated in much the same way- that is, each calculation element is assigned
an EMC based on landuse (via a table join) which is multiplied by the calculation element’s
runoff volume to estimate mass loads. The mass loads for each calculation element contained
within a feature of interest (i. e., basin) are summed to produce mass loads for that particular
feature. The model divides mass loads into three parts: gross load, removed load, and net load.
The gross load is the mass of pollutant generated (washed off of land surface) and is calculated
according to the methodology described above. The removed load is the mass removed by the
BMP and is calculated based on user-supplied BMP information. The net load is the difference
between gross load (wash-off load) and removed load.

BMP locations and types are specified by pointing and clicking on the individual BMP locations
and selecting a BMP type from a user-defined table. Through this process, a point theme of
BMPs is created. Attributes from this point theme are transferred to a user-specified polygon
theme representing BMP coverage through a spatial join. Finally, the BMP coverage theme is
intersected with the calculation element theme resulting in a new theme, or new calculation
element polygons. This new theme contains polygons for each unique soils/landuse/ basin/BMP
combination. Pollutant removals are calculated and subtracted from the gross loads to produce
net loads. Removed and net loads for a basin or another area of interest (AOI) are summed
according to the procedure described in the preceding.

RESULTS

The NPLT is used on a regional (USGS watershed, a CWM basin etc.), local (USGS drainage
basin, county or city basin) or a catchbasin level (lake drainage basin etc). When used
regionally, the primary functions are: (1) calculation and display of estimated gross pollutant
loads or potential pollutant loads, (2) determination of areas of potential high pollutant load; or
(3) determination of areas where the pollutant load has changed over time. On a local level, in
addition to these functions, the NPLT provides specialized sub-tools that allow: (1) selection of a
smaller area or interest (AOI) and recalculation of pollutant load; (2) the change of landuse for
an area of interest and the recalculation of pollutant load; and (3) the location of BMPs within an
area of interest and calculation of gross, removed and net loads for that area of interest. All of
these functions are also applicable on a catchbasin basis.

The Hillsborough River watershed, the local Hillsborough County Cypress Creek watershed, and
a catchbasin within the Cypress Creek watershed will be used to illustrate the various functions
of the NPLT (Figure 2). To begin, pollutant load layers are built based on the SWFWMD
landuse, soils and USGS drainage basin layers. This is either accomplished within the ArcView
environment or through a separate ArcInfo job. In the following example, potential pollutant
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load layers (PPLL) were built for 1995 and 1999 landuse-soils layers and for both the wet season
and dry season load estimates. This allows seasonal and time comparison of pollutant potential.

For visual comparisons, a standard ArcView legend is developed for each pollutant of interest.
Unfortunately, the figures are not in color in this paper; however, in actual use the legend (color-
coding) allows rapid spatial analysis. Normally, the wet season PPLL is used to ensure the
legend scale covers all possible pollutant load levels. The PPLL database can also be used with
database or spreadsheet applications outside the ArcView environment to develop comparison
tables. The legend in Figure 2 is designed for spatial comparison with nitrogen as the pollutant
of interest. The scale is based on the wet season loads with units of pounds per acre for the
period of interest (normally a season). The legend is then applied to all landuse/season layers
and visual comparisons are made.

phosphorus, TSS, BOD, lead and zinc.

Potential Pollutant Load Layer (PPLL) [ amm e
e PPLL polygons -
e Standardized View Legend (Ibs/acre) EI?’E:
e Basis for further analysis =
e Can "cut" layer using local boundaries -
e Potential Pollutant Loads for nitrogen, = E:.- '

grrpbaaiabapatl

Figure 2. Hillsborough CWM 1995 Wet Season
Potential Total Nitrogen Pollutant Load Layer

Figure 3 shows the Cypress Creek watershed PPLL view for nitrogen. The area of interest tool
(AOI) is used to develop this view by "cutting" the regional level (CWM) PPLL and
recalculating the loads forming a new PPLL. The resulting layer can then be used for pollutant
load analysis on a local level. For example, Figure 3 shows several areas where potential non-
point source pollution loading may be an issue. The areas that have the highest nitrogen
pollutant loads are large traffic arteries and areas of dense population. By comparing this view
with one developed using 1995 landuse, an estimate of potential pollutant load change can be
determined.

A more precise estimate is accomplished using the database developed as part of the PPLL
creation process. The database tables can be compared using a standard database program or
spreadsheet. The local area PPLL has the same properties as that of the larger regional PPLL
and can be used in the same manner.
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Hillsborough County's Cypress Creek S
Watershed (Local Government) (PPLL)

PPLL polygons

Standardized View Legend (Ibs/acre)
Basis for further analysis

Can "cut" layer using local boundaries o8
Potential Pollutant Loads for nitrogen, B
phosphorus, TSS, BOD, lead and zinc.

Figure 3. Cypress Creek PPLL (TN lbs/acre)

The AOI tool can also be used to "cut" the catchbasin PPLL from either the regional or local
PPLL. Figure 4 shows a comparison of the same catchbasin but for different year groups. The
comparison of these views will allow the determination of relative changes in the catchbasin area
due to growth.

Catchbasin PPLL ——
e Comparison of PPLL for 1995 and 1999 i; o Y
e Standardized View Legend (Ibs/acre) g =l el
e Smallest level of analysis -=§; i 114 el . Fom e
e (Can "cut" layer using local boundaries = 13
e Potential Pollutant Loads for nitrogen, " d ' _

phosphorus, TSS, BOD, lead and zinc. -

Figure 4. PPLL view for catchbasin (TN
Ibs/yr)

The catchbasin PPLL is best used to evaluate changes in pollutant loads and to evaluate
alternatives that might be used to manage these pollutant loads. Smaller catchbasins can be also
developed using the AOI tool. For example, in Figure 5 the northeast tip of the catchbasin is
shown. This is an area of rapid urban growth in New Tampa. The comparison of 1995 and 1999
PPLLs points to this area as one of concern for increased pollutant loads and where additional
investigation is warranted. In the figue, several areas are immediately indicated by the color of
the polygons (red and green-yellow areas) as having high pollutant load potential. Since the
difference between the two PPLLs is time, this difference in load can be attributed to growth.
The orthophotoquad, which is shown below the PPLL, illustrates the type of growth and original
landuse. These types of ArcView displays can be useful when evaluating the impact of growth
on an area.
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Sub-Catchbasin PPLL

e 1999 PPLL showing areas of increased
pollution potential

e Standardized View Legend (lbs/acre)
A smaller catchbasin developed using
a delineation tool and AOI tool.

e Potential Pollutant Loads for nitrogen,
phosphorus, TSS, BOD, lead and zinc.

e BMP placement and Landuse Change
after 1999 shown

Figure 5. 1999 PPLL overlaid on 1999 aerial.

One of the problems found in reviewing watershed plans is that, because they are based on
landuse layers that may be several years old when the analysis begins, the estimates based on
older layers are not a good reflection of existing conditions. The NPLTs Change Landuse (CL)
tool is an attempt to correct this problem. This tool allows the planner to derive information
from field mapping or recent aerial photography and develop a change polygon that is then used
to update the landuse of the PPLL. Figures 5 and 6 illustrate the use of this tool and the AOI tool
to better characterize the changes occurring in the section of New Tampa north of U.S Highway
I-75. The catchbasin is divided using I-75 as the division line and the AOI tool is used to build a
new PPLL for the 1995 and 1999 layers. The CL tool is then used to modify areas that the aerial
indicates are being developed with primarily high density housing. Table 1 shows the potential
pollutant non-point source loading to Cypress Creek from this updated PPLL as compared to the
base (1995) condition. Figure 6 is a spatial comparison of the change.

Comparison of Catchbasin PPLLs

Two new PPLLs Created using AOI tool =i
1999 PPLL is updated using CL tool :
Spatial Comparison of the two PPLs shows an
updated picture of change in area in terms of
nitrogen non-point-source pollutant load.

1995 1999

Figure 6. Comparison of two sub-
catchbasins.
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Table 1. Comparison of non-point source pollutant-loading potential to Cypress
Creek.

Cypress Creek Non Point Source Area Runoff Total Total Total BODs Zinc Lead
Load Potentials (acres) Volume Nitrogen Phosphorus Suspended (lbs/yr) (Ibs/yr) (Ibs/yr)
(acre-ft) (Ibs/yr) (Ibs/yr) Solids
(Ibs/yr)
Gross Load 1999 Land Use 622 742 2,384 260 25,553 7,617 38 72
Gross Load 1995 Land Use 622 662 1,777 97 16,956 4,528 21 50
Gross Load Change 0 80 606 163 8,597 3,089 17 22
Net Load 1999 Land Use 662 742 2,235 218 20,123 6,569 31 57

Table 1 provides the potential results in terms of runoff volume and pollutant load from the types
of growth occurring in this New Tampa region. It is important to note that the results of the
NPLT analysis shown in the "Gross Change" row are potential pollutant loads from non-point
sources. No calculation of load and runoff volume reductions from existing or planned BMPs
and/or natural elements such as wetlands has been carried out to this point. The BMP tool was
developed to allow an estimate of these types of effects. Figure 5 indicates where BMPs were
located during the BMP tool assisted analysis. The "Net Load" row in Table 1 is a result of BMP
placement and load reduction calculations accomplished with the BMP tool. The "Net Change"
row provides an estimate of the expected change in pollutant load to Cypress Creek. Because the
catchbasin area includes drainage to Trout Creek a similar analysis (not shown) was performed
for that drainage area. The analysis shows that urban growth in this New Tampa area will result
in a predicted increased load to both Cypress and Trout Creeks even when BMP effects are
considered.

DISCUSSION
Several improvements are currently under consideration for the model. These improvements are
aimed at extending the usefulness of the model and improving results. Some of the key areas to

be addressed are perpetuity of the tool and the calculation engine.

Ensuring perpetuity of the tool.

The Avenue scripting language is fading from use along with other ArcView 3.x products. The
tool will not function in ArcView 8.x; therefore, it is advisable to migrate away from Avenue and
place software development efforts in a product that has a more secure future. This presents a bit
of a dilemma in that most users are still using the ArcView 3.x version yet improvement to the
tool using ArcView 3.x technology (Avenue) is ill advised. Grouping the model functionality
into two classes — a class that performs spatial operations and a class that performs “number
crunching” and reporting functions can ease this migration.
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New development for the tool should occur in Visual Basic (VB). Grouping the model
functionality into the two groups described above will allow this to occur without loss of usage
or software investment due to compatibility problems. Spatial operations performed by the tool
could remain much as they currently exist. New “number crunching” and reporting routines
would be written in Visual Basic accepting the database files from the tool as inputs. To
accommodate ArcView 8.x users, the spatial analysis components would be incorporated into the
ArcView version of Visual Basic for Applications (VBA), or users could build a theme meeting
certain specifications and proceed from there with using the tool. In the future, the new VB code
could be either incorporated into ArcView’s VBA (available in ArcView 8) or a standalone
model using Environmental Systems Research Institute Inc. (ESRI) “Map Objects”. Either way,
all code would be reusable, and the model could still be used as the gradual migration from
ArcView 3x to ArcView 8x occurs among the user base. Use of a COM-compliant programming
language, such as VB, will also greatly improve functionality in regards to other potential
improvements.

Incorporate EPA SWMM as Calculation Engine

One of the limitations of the tool rests in the fact that each basin “stands alone”; that is,
connectivity is not considered. This inhibits efforts to determine loadings at particular points of
interest and prohibits simulation of multiple BMPs. In addition, the use of continuous
simulations would improve model results, as would the ability to consider hydraulic and water
quality-loading rates in BMP evaluations. The ability to incorporate point source loads and use
different “buildup” and “washoff “algorithms would also represent significant improvements to
the tool. For these reasons the incorporation of EPA’s Stormwater Management Model
(SWMM) into the tool is under consideration.

The application of SWMM need not be overly complicated; in fact, minimal SWMM elements
could be incorporated to improve results without increasing the complexity associated with tool
usage. For example, the tool could use the SWMM Runoff Block to determine runoff volumes.
This could be accomplished by using only those parameters that are most sensitive in regards to
flow volume. Parameters that have minimal effect on volume (i.e., impervious area roughness)
could be specified as defaults or calculated internally (i.e., subcatchment width). The volume-
sensitive parameters would be specified per landuse and landuse/soil combination just as they are
now. The result would be improved runoff volume, and therefore pollutant mass, estimates.

Taking this idea one step further, the Runoff Block can be used for routing and BMP simulation
with minimal inputs due, in large-part, to recent improvements to the SWMM model made by
Dr. Wayne Huber of Oregon State University (OSU). OSU’s SWMM Version 4.4 allows for
runoff from one sub-catchbasin to be directed to another sub-catchbasin instead of having to flow
into a channel or pipe, thus allowing for summing of masses without the need for hydraulic
information. This improvement also allows for simulation of riparian zone and overland flow
BMPs. In addition, Version 4.4 contains removal mechanisms in the Runoff Block thus
eliminating the requirement of having a transport model to simulate BMPs.

On the surface the use of SWMM may appear to be contrary to some of the tool’s key
advantages, i.e., ease of use and simplicity; however, most of the “SWMM horror stories” in
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circulation are related to the Extran Block, SWMM’s hydraulic routing model. On the other
hand, Runoff Block calculations are straightforward and model-stability is not a concern.

CONCLUSION

This paper describes an ArcView GIS decision support system that can be employed by anyone
with ArcView training and access to ArcView version 3.1 and the proper data files. The tool
allows planning on a regional, local or catchbasin basis and is most valuable when used to
develop initial estimates or when used to evaluate a watershed management plan. The tool
employs the SWFWMD landuse and soils data sets and look-up tables for landuse categories
(aggregates), runoff coefficients, Event Mean Concentrations (EMC) and BMP pollutant load
removal. Runoff coefficients are provided for wet season and dry season and are taken from the
Tampa Bay Estuary Program (TBEP) pollutant load model (TBNEP, 1966). EMC values are
taken from TBEP sources and BMP values are literature values (Harper, 2001). Additionally,
the user can specify the percentage of storms that do not result in runoff. Table values can be
changed as better information becomes available.
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ABSTRACT

The goal of engineering-based watershed modeling is to predict the hydrologic response of a
particular watershed to historical and/or synthetic rainfall events. Watershed models are often
used as planning tools for flood control studies and for regulatory decision-making. Because a
wide variety of engineering hydrologic models are commonly used, often within a single
regulatory jurisdiction or political boundary, data management can be a daunting task for the
watershed manager. Use of Geographical Information Systems (GIS) for watershed studies
promotes the use of standard formats for the graphic representation, storage, and retrieval of
watershed information, including flood study results.

Rapid advances in GIS over the past decade have led to the increased usage of existing spatial
data sets, or “coverages” (i.e. soil cover, land usage, and topography) as input into engineering-
based hydrologic modeling. This is known as creating a “linkage” between a GIS and a
hydrologic model. In addition to the simple one-way linkage often employed, it is advantageous
to create a two-way linkage, whereby the computer modeling software provides input into the
GIS. This allows the complete model input and output data set to be viewed entirely within the
GIS platform, including hydraulic model information obtained from comprehensive ground
surveys and other sources, as well as model results. This system provides for a fully linked
engineering data management system that can promote the exchange of information in a readily
usable format.

Keeping the information current or “live” is a daunting task for the watershed manager. The GIS
allows the user of the system to achieve this goal, by updating the model and the GIS at the same
time when changes occur. Photographs of the various features, new model run results, existing
pipes and other projects implemented in the watershed can be brought into the GIS and hydraulic
model soon after they are built.

In this paper, the development and the application of a fully linked GIS-based data management
system is presented for the graphic representation, storage, and retrieval of engineering data for
the Stevenson Creek Watershed in the City of Clearwater, Pinellas County, Florida. GIS data in
ESRI’s ArcView3.2 is linked with AdICPR hydraulic model data in a graphical user interface.
This information is also presented on a web site for public and watershed managers use.
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INTRODUCTION

Parsons Engineering Science in Tampa, Florida has completed a year-long study of the
Stevenson Creek watershed, which began in March of 2000. The primary objective of the project
is to develop a watershed management plan for the Stevenson Creek basin, in accordance with a
cooperative agreement between the Southwest Florida Water Management District (SWFWMD)
and the City of Clearwater. It is being used as a tool in the planning, regulation, and
management of the Stevenson Creek Watershed for future development, and as a basis for
identifying, analyzing, and prioritizing capital improvements. This objective has been met in
part, by conducting an analysis of the watershed in order to characterize the existing watershed
conditions, and recommending improvements for flood protection, natural systems, habitat,
water quality, erosion control, public awareness and involvement, and regulatory control.

The first task in the analysis process was to collect, record, and organize all potentially useful
existing information relevant to the watershed. Once the data were collected and analyzed, any
data deficiencies were noted and the missing data were gathered. The information-gathering
process included such activities as a literature search and review of existing data, field
reconnaissance and ground-truthing of aerial photography, ground surveying of stream channels
and drainage facilities, streamflow monitoring, surface water sampling and testing, habitat
assessment, interviews with City operations personnel, and input from residents of the
watershed.

Engineering-based watershed modeling software and GIS were employed to gain a thorough
understanding of basin-wide hydrologic and hydraulic processes. The watershed model was
used, in conjunction with the GIS, as a planning tool to assess the existing flooding problems.
Subsequently, it was used to determine the most effective means of alleviating the flooding
problems and to optimize the flood protection benefits of the proposed improvements.

The Advanced Interconnected Channel and Pond Routing Model, Version 2.2 (AdICPR) was
chosen for the hydrologic and hydraulic modeling analysis, in part because of its ability to
mathematically represent the time-dependent processes that govern flow and stage in low-relief
coastal watersheds such as Stevenson Creek. Furthermore, it was necessary to select a model
that has been accepted by the Federal Emergency Management Agency (FEMA) for flood
insurance studies, since the results of the analysis will be used to support a request for revision of
the applicable FEMA flood insurance rate maps.

Environmental Systems Research Institute’s (ESRI) ArcInfo7.02 suite of solutions, primarily
ArcView Version 3.2a (ESRI, 1996), was chosen as the GIS software. It was selected because
of the readily available data in this format provided by the SWFWMD, the City of Clearwater,
and other state and federal agencies. Applicable data in other formats such as AutoCAD,
Microstation, and tabular data were converted to ESRI shape files. Some data not available
digitally was digitized on screen, and later attributed.

Information from the GIS was used in the development of the hydrologic model. Spatial data
sets such as soil cover, land use, subbasin delineation, storm sewer data, surface water storage
features, and open channel alignments were all used in the development of input parameters in
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the AJICPR model. Results of the hydrologic model, such as flow, peak flood elevation and
flood profiles for the synthetic rainfall events (model storm events) are then linked back to the
GIS for the purpose of error checking, data storage, and data retrieval. This provides a two-way
linkage, where all data is available to be viewed within the GIS. It is inherently more useful to
view watershed model data in a spatial frame, where distances and direction are preserved.
Additionally, an aerial photography background can be used, which provides context to the
investigator.

STUDY SITE: STEVENSON CREEK WATERSHED

The Stevenson Creek Watershed, the largest and most urbanized watershed within the City of
Clearwater, drains 25 km? (6,286 acres) in west central Pinellas County (refer to Figure 1). Of
this area 65 percent are within the Clearwater city limits. The remaining 35 percent of the basin
is within the City of Dunedin 20%, unincorporated Pinellas County 14% and the City of Largo
about 1%. Terrain in the watershed is flat to mildly sloping. Native soils are primarily fine
sands.

Stevenson Creek discharges to Clearwater Harbor and St. Joseph’s Sound. The majority of the
creek has been channelized or otherwise altered, and little of the historic floodplain remains
intact. Land uses within the basin are predominantly medium- and high-density residential,
commercial, and open space. Approximately 90 percent of the watershed has been developed,
and the vast majority of the development occurred prior to the implementation of regulatory
requirements for floodplain preservation, environmental protection, stormwater treatment and
attenuation. Several developments have been constructed within the creek’s floodplain and have
experienced severe flooding. In addition, the creek and its tributaries experience moderate to
severe erosion problems due to steep embankments, improper maintenance, highly erodable
soils, and inadequate right-of-way.

METHODS: GIS LINKAGE TO HYDROLOGIC MODEL

It is now standard practice to provide one-way linkage to between the GIS and hydrologic
modeling. The GIS is traditionally employed to provide a measure of the lands stormwater runoff
susceptibility. The hydrologic model used for this study is the SCS (NRCS) Runoff Curve
Number (CN) and Unit Hydrograph Method contained within AdICPR. This method computes a
runoff (flow) versus time relationship (hydrograph) for each subbasin, given a set of hydrologic
input parameters.

The GIS was used to subdivide the heavily urbanized Stevenson Creek watershed into a total of
307 discrete subbasins that range in size from 4000 m* to 800,000 m” (1 to 197 acres). The
average subbasin size is 83,000 m® (20.5 acres). The delineation of individual subbasins was
dictated to a large extent by the complexity of the drainage network itself and the need to define
the contributing drainage area to modeled elements of the conveyance system (refer to figure 2).
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Figure 1 — Stevenson Creek Watershed Location Map
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The soils, land use, and subbasin coverages were intersected using ArcInfo and then crossed
referenced with a CN table for soil/land use pairs. In this method, a unique curve number is
assigned to each possible combination of hydrologic soil group and land use category. The
program then computes an area-weighted value based on the percentages of these soil/land use
combinations found within the particular subbasin.

Figure 2 — Land use/cover, Hydrologic Soils, Curve Number (left to right)

METHODS: HYDRAULIC MODEL DEVELOPMENT

The Stevenson Creek conveyance system consists of a network of open channel segments,
culverts, bridges, storm sewers, weirs, lakes, ponds, and wetlands. The AdICPR software used
for this study contains a one-dimensional unsteady flow hydraulic routing routine in which a
link-node concept to idealize the “real world” drainage system (Streamline Technologies, 1995).
A node is a discrete location in the system where conservation of mass (continuity) is
maintained. Links, or “reaches” are the connections between nodes and are used to convey water
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through the system. The hydraulic routing model receives hydrograph input at specific nodes by
file transfer from the hydrologic model. The model performs dynamic routing of stormwater
flows through the defined conveyance system to the points of outfall in the receiving waterbody.
The program will simulate branched or looped networks; backwater due to tidal or non-tidal
conditions; free-surface flow; pressure flow or surcharge; flow reversals; flow transfer by weirs,
orifices, and pumping facilities; and storage. Types of reaches that can be simulated include
pipes, weirs, open channels of regular or irregular cross section, bridges, and drop structures
(weir and pipe in series). Simulation output takes the form of water surface elevations and
discharges at each node and reach within the model network, reported at user-specified time
intervals.

The basic AdICPR software package does not have a method of viewing the node and links
graphically, thus the GIS was used to map the physical location of nodes and links. Nodes and
reaches (links) were entered and attributed into the GIS at their true geographic location (Figure
3). Links are represented in the GIS by arcs while the nodes represent the ends of the links at the
connection point to other links. Each node and link were given a unique identification number
based on the subbasin numbering scheme, except that node identifiers begin with the letter “N”.
Reach identifiers begin with a letter prefix pertaining to the type of reach. Channel primary flow
direction is preserved in the GIS. In general, direction of flow is from higher node-number to
lower node-number. In all, the model includes 383 nodes, 252 pipe reaches, 176 open channel
reaches, 171 irregular cross sections, 98 weir reaches, 39 drop structure reaches, and 6 bridge
reaches.

LINKAGE TO THE GIS

In addition to providing a vehicle for retrieval and conversion of existing data sets for
development of model input parameters, the resulting model input and output data was used to
create new GIS coverages and data tables. The new GIS coverages included the subbasin,
network, and floodplain coverages described in the previous sections. This section describes the
various data tables that were linked to the new GIS coverages.

To facilitate the linkage of the model data with the GIS, model input and output was first
converted to data tables. The Southwest Florida Water Management District currently is
promoting data standards for such tables (SWFWMD, 2000). These data standards prescribe
specific tabular formats for the various categories of model input, as well as summary model
results. A separate table is created for each category of model input and output, including NRCS
basin, which contains hydrologic information and is linked to the subbasin coverage. Channel,
bridge, culvert, riser, and weir reach tables are linked to the arc attributes of the reaches and
contain the applicable physical information pertaining to the reach. Node storage (i.e. stage
versus area) and summary results are linked to the node attributes.
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SWFWMD GIS standards (SWFWMD, 2000) were implemented in this project for a variety of
reasons principally because:

e Model input and output can be viewed entirely within the GIS platform.
GIS allows graphical and tabular data to be viewed simultaneously on screen.
Location, distance, and direction attributes are preserved (geographical context).
Data created with various proprietary and government agency software packages can be
standardized.
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Figure 3 - SWFWMD GIS Standards hydraulic model representation
RESULTS: ENHANCEMENTS TO THE DATA STANDARDS

In the Stevenson Creek Watershed Management Plan, using a graphical user interface enhanced
the two-way linkage between the hydraulic model and GIS. Within the ArcView environment
several simple enhancements were made (refer to figure 4); USGS Digital Ortho Quarter-Quads
(DOQQ’s) were added, photographs of structures and open conveyance and storage features
were linked to nodes, floodplain extent and flood susceptible structures were mapped and water
quality data such as pollutant loading rates were joined to each subbasin.

Additionally, by using pull down menus and customized selection tools, the investigator is able

to select model input and output parameters, and photographs. By using the pointer the user
chooses the node or link for which the information is required (refer to Figure 5), and the
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parameter or result of interest such as total flow or stage for a particular design flood event (25-
year, 100-year etc). Since each node and link has a unique identification number, data stored in a
tabular database are retrieved. Additionally, flood hydrographs can be generated based on the
selected node or reach and the requested rainfall event. The total flow and peak flow
hydrographs are generated from a time series table. This table is compiled from AdICPR results
manually. However, this activity is not time consuming and the benefits of interactively selecting
the results and seeing the graphical representations are many.

When necessary, model output is relatively easily updated by re-running the hydrologic
/hydraulic model, and then simply replacing the tables. The tables are created in a spreadsheet
program such as Excel or Lotus, by parsing model output saved in ASCII text format through the
modeling software. Updating the tables outside of the GIS is sufficient. When the application is
reopened all information is updated, because the tables are stored outside the application, and the
application only holds links to those tables.
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Figure 4 — Graphical Enhancement to the standard
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CONCLUSION

Because a wide variety of engineering hydrologic and hydraulic models are commonly used,
often within a single regulatory jurisdiction or political boundary, input and output from
modeling studies conducted within neighboring watersheds often takes different forms. The
linkage of watershed modeling and GIS allows for the complete viewing of model input and
output data sets in one location. This facilitates the exchange of information between different
engineering-based modeling software. Data from other modeling software packages such as
EPA-SWMM/EXTRAN and the U.S. Army Corps of Engineers HEC suite of modeling software
may be brought into the GIS and linked to the nodes and reaches trough a spatial connection in a
similar manner. Storage and retrieval of the hydraulic model data sets are made easier, when a
spatial query (a selection based on geography) is made. The primary advantage of such a system
is increasing the uniformity and accessibility of information that is crucial to making informed
decisions regarding many aspects of watershed management.

The GIS allows for the update of information in one location. Now that the two-way linkage
between the GIS and the Hydraulic model has been established it is easier to keep the two
synchronized. The ability to visualize flood hydrographs and perhaps view them as conditions
change during “scenerio” running is invaluable and is planned as future enhancements.
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Figure 5 — Flood Hydrograph graphical output and selection menu
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PUBLIC INFORMATION WEB SITE

Through the interactive GIS-based data management system, display of input/output information
on the World Wide Web is made possible. A non-expert user can relate to a geographically
based map (using aerial photography for example), and interactive watershed features with ease.
Model reaches, nodes and photographs of drainage structures are presented on a public
information website at:

http://www.clearwater-fl.com/City Departments/public_works/engineer/projects/stevenson/
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ABSTRACT

This paper reports on early results from a US EPA sponsored project on optimization of urban
wet-weather controls for managing water quality. The emphasis of this research is on micro-
scale systems in order to evaluate the efficacy of decentralized controls such as on-site storage
and infiltration. Micro-scale is defined as objects that are the basic components of urban parcels
including roofs, streets, parking, driveways, and pervious areas. Private parcels and rights-of-
way are evaluated separately. An international search for high quality wet-weather quantity and
quality data led to the U.S. Geological Survey’s database on South Florida. This data was
collected in the 1970’s for four sites: residential houses, apartments, commercial, and highway
(Miller 1979). Our evaluation of this data indicates that runoff can be partitioned into two
components:

e Runoff from the directly connected impervious area (DCIA) that occurs rapidly and
comprises the bulk of the runoff from urbanized areas.

e Runoff from all other areas that occurs only after the soil moisture zone has reached
saturation and surface ponding causes runoff. This type of runoff occurs much less
frequently and is only associated with the larger storms.

The separation of these two phenomena is clearly supported by the intra-storm and storm event
data. These results indicate that strong emphasis should be given to minimizing runoff from
DCIA’s by reducing the use of curb and gutter drainage.

INTRODUCTION

The purpose of this paper is to quantify the sources of urban runoff from the smaller storms that
have the largest impact on urban stormwater quality. Data from four sites in South Florida are
used to develop separate rainfall-runoff relationships for directly connected impervious area
(DCIA) and the other area (OA). These calibrated relationships are used to run a 50-year
simulation using hourly data for Miami, Florida to estimate the percentage of total runoff that
comes from DCIA and OA. Based on these findings, recommendations are made regarding
drainage design and evaluation practices for Florida and other areas.

45 Lee and Heaney



Seventh Biennial Stormwater Research & Watershed Management Conference May 22-23, 2002

Study Sites

The four study sites in South Florida, shown in Table 1, are used to evaluate rainfall-runoff
relationships and how they are affected by DCIA. An international search for high quality wet-
weather quantity and quality data led to the U.S. Geological Survey’s database on South Florida.
This data was collected in the 1970’s for four sites: residential houses, apartments, commercial,
and highway (Miller 1979). It remains one of the best databases in the world for evaluating
rainfall-runoff relationships. DCIA ranges from a low of 5.9 % for the low-density residential
area to 98.0 % for the commercial area. The number of storm events sampled varied from 16 to
27.

Table 1. General characteristics of four study sites in South Florida (Miller 1979).

Land Use Location Area (ha) | Total IA | DCIA | Storms
HD Residential Miami 5.95 70.7% | 44.1% 16
LD Residential Pompano Beach 16.51 43.9% | 5.9% 25
Commercial Ft. Lauderdale 8.26 98.0% | 98.0% 27
Highway Pompano Beach 23.59 36.2% | 18.0% 25

Precipitation Patterns

The rainfall database at the Miami WSCMO Airport, Miami, Florida covers the period from
August 1948 to December 2000 with a 1-hour frequency. A rainfall event is assumed to end if it
hasn’t rained for six consecutive hours. During this period, the total number of rainfall events
was 7,204 and the depth of total rainfall was 77,809 mm. The cumulative density function for
the rainfall events is shown in Figure 1. Event based rainfall depths are plotted against the
percent of the rainfall events that are less than or equal to the indicated value. For example,
about 91% of the rainfall events are less than or equal to 30 mm in total depth. Typical drainage
designs use the 2 to 10 year recurrence interval for their evaluation. However, as is shown in
Figure 1, events with a recurrence interval of less than or equal to one month comprise over 90%
of the total rainfall that occurs in Miami. Thus, control of these frequent events is the most
critical component of urban stormwater quality management.

Rainfall-runoff models and long-term analysis

For developing a runoff depth estimation model, runoff was analyzed as a function of rainfall
using the U.S. Geological Survey’s rainfall-runoff database for each study site. To calculate
excess rainfall, 2.54 mm of initial abstraction (or depression storage) is assumed for both
impervious and pervious area. Total runoff can be estimated by combining runoff from DCIA
and other areas. The conceptual model is shown below and models developed for the four sites
are presented in next section.
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Total runoff = DCIA runoff + Other runoff (1)

DCIA runoff = ﬂ(Excess rainfall) (2)
Total area

Other runoff = a (Excess rainfall) + b 3)
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Figure 1. Event based rainfall depth in Miami, Florida:1948-2000.

About 50 years of long-term rainfall data are applied to the runoff depth estimation models. The
one-hour rainfall data was collected from August 1948 to December 2000 at the Miami WSCMO
Airport, Miami, Florida. The data are reported to the nearest 0.254 mm. A rainfall event is
assumed to end if it hasn’t rained for six consecutive hours. To calculate excess rainfall, 2.54
mm of initial abstraction is assumed for both impervious and pervious area. DCIA runoff and
other runoff are estimated by developing rainfall-runoff models. The infiltration loss is
calculated by subtracting the initial abstraction, DCIA runoff and other runoff from the total
rainfall. A math balance equation of rainfall-loss-runoff is shown in below:

Rainfall = Initial abstraction + Infiltration loss + DCIA runoff + Other runoff

1. Residential-High Density

The Kings Creek site is a 5.95 hectare drainage basin that is part of an apartment complex in
Dade County in South Florida. The impervious area is 2.62 hectares. Rainfall and runoff data
for 16 storms were reported at 5 minute intervals. Key references for Kings Creek are Hamid
(1995) and Hardee et al. (1979). Hamid (1995) has compared simulations using the SCS method
with SWMM simulations of the study area partitioned into 13 subcatchments. Hardee (1977)
presents the database for the study. The resulting rainfall-runoff relationship indicates that DCIA
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accounts for virtually all of the runoff for rainfalls up to about 12.5 mm. The runoff from Kings
Creek was separated into two components as shown in below:

DCIA Runoff = 0.441 (Excess Rainfall) 4)
Other Runoff = 0.3636 (Excess Rainfall) — 5.542 ®))

The rainfall-runoff model and results of the long-term analysis are shown in Figure 2. Using the

one-month rainfall of 30 mm, you see that the bulk of the runoff from 90% of the rainfall is
DCIA runoff.
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Figure 2. Rainfall runoff relationship and long-term analysis at the high density residential
site in Miami, Florida.
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2. Residential-Low Density

The low-density residential neighborhood has only 5.9% DCIA. It is almost exclusively swale
drainage. Even in this extreme case, the runoff from storms up to about 10 mm is primarily from
the DCIA. For larger storms, the other areas begin to contribute. The results are shown in
Figure 3 and the runoff estimation model is shown in below:

DCIA Runoff=0.059 (Excess Rainfall) (6)
Other Runoff = 0.1579 (Excess Rainfall) —1.203  (7)

T T ]
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Figure 3. Rainfall runoff relationship and long-term analysis at the low density residential
site in Pompano Beach, Florida.
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3. Commercial Site

The results for the commercial area with a very high DCIA of 98% indicate virtually a one to one
relationship between rainfall and runoff. The results are shown in Figure 4. They indicate a
simple rainfall-runoff response with no significant infiltration due to the complete DCIA system.

DCIA Runoff = 1.0 (Excess Rainfall) (8)
Other Runoff = 0.0 9
80 -~
\ \ \
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Figure 4. Rainfall runoff relationship and long-term analysis at the commercial site in Fort
Lauderdale, Florida
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4. Highway Site

Rainfall and runoff data are available for 25 storm events for the highway runoff site in Pompano
Beach, Florida. The highway site is partially curb and gutter and partially swale drainage. Using
DCIA only to estimate the rainfall-runoff relationship provides nearly identical results as one
gets when the total area and a runoff coefficient are used. The results are shown in Figure 5.
The non-DCIA area begins to contribute runoff for larger rainfalls only.

DCIA Runoff = 0.180 (Excess Rainfall) (10)
Other Runoff = 0.0636 (Excess Rainfall) — 0.485 (11)
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Figure 5. Rainfall runoff relationship and long-term analysis at the highway site in
Pompano Beach, Florida.
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Summary of long-term rainfall-runoff analysis for the entire period

The results of long-term rainfall-runoff analysis are summarized in Table 2 for the entire period.
A total of 7,204 precipitation events occurred during this 52.4 year period. About 43 % of these
events are less than or equal to 2.54 mm. Runoff from non-DCIA areas occurs only for the
larger storms. The statistics for the runoff events are shown in Table 3. They indicate that 50 to
100 percent of the runoff is from the DCIA. The relative importance of each land use in terms of
depth is shown in Table 4. DCIA runoff exceeds other runoff for all of the sites except the low-
density residential site. The disproportionate importance of DCIA is evident in Figure 6. For
example, while DCIA represents about 6% for the low density residential, it contributes about
36% of the total runoff. Similarly, over 80% of the highway runoff is from DCIA even though it
is only 18% of the total area.

Table 2. Summary of results based on rainfall events.

HD LD

Residential |Residential [Commercial| Highway
Total Events 7,204 7,204 7,204 7,204
No Runoff 43.1% 43.1% 43.1% 43.1%
DCIA Runoff only 39.8% 28.7% 56.9% 28.7%
Runoff from everywhere | 17.1% 28.1% 0.0% 28.1%

Table 3. Summary of results based on runoff events.

HD LD

Residential |Residential [Commercial| Highway
Runoff Events 4,098 4,098 4,098 4,098
DCIA Runoff only 70.0% 50.5% 100.0% 50.5%
Runoff from everywhere | 30.0% 49.5% 0.0% 49.5%

Table 4. Summary of results based on rainfall depth.

HD LD
Residential |Residential [Commercial| Highway
Rainfall (mm) 77,809 77,809 77,809 77,809

Init. Abs. 17.6% 17.6% 17.6% 17.6%
DCIA Runoff 36.3% 4.9% 82.4% 14.8%
Other Runoff 14.0% 8.5% 0.0% 3.4%
Infiltration 32.1% 69.0% 0.0% 64.1%
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Figure 6. Summary of results based on runoff depth.

Use DCIA to Estimate Water Quality Impacts?

The oldest and still most widely used method for storm drainage design is the Rational Method
(Mays 2001). The method was firstly introduced by the Irish engineer Mulvaney (1850), the
American Kuichling (1889), and the British Lloyd-Davies (1906). While Mulvaney worked on
agricultural areas, Kuichling and Lloyd-Davies described rainfall-runoff relationships in urban
area. The basic assumptions of the Rational Method are that the rainfall intensity during the time
of concentration is steady, and the frequency of peak runoff and the rainfall causing it are the
same. While the American Rational Method uses the runoff coefficient according to rainfall
characteristics and total land area (0, = Cid), the British Lloyd-Davies method only considers
100 percent runoff from the directly connected impervious area (DCIA) (O, = idpc). The
results of this analysis indicate that the decision to convert land into DCIA has the greatest
impact on stormwater runoff from the frequent events that are of concern in protecting water
quality. Alternatively, minimizing DCIA is a very good way to protect stormwater quality.
Current evaluation methods do not make this vitally important distinction between impervious
area and directly connected impervious area. They also rarely separate out the right of way area
as a separate land use even though it is the cause of most of the DCIA.

CONCLUSIONS

The purpose of this paper is to evaluate the importance of directly connected impervious area
(DCIA) in generating urban runoff from the smaller events that are most critical for urban wet-
weather flow management. Rainfall-runoff data from four sites in South Florida were evaluated.
The results indicate that virtually all of the runoff from smaller storms is from DCIA. Even for
larger storms it is a primary source of stormwater. This DCIA runoff moves relatively rapidly to
the nearby receiving water with little or no attenuation of its pollutant load. Thus, the decision to
use DCIA instead of other drainage options has a profound effect on urban storm water quality.
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ABSTRACT

Rainfall data combined with good engineering principles can help resolve many stormwater
problems. The data often can illustrate the significance of a rain event or indicate that other
answers need to be sought to explain flooding events.

Rainfall data comes in various forms and can be analyzed using several techniques. We have
encountered many events where a first quick look at an event would cause you to draw the
wrong conclusions. Therefore, we have developed good evaluation, monitoring and analysis
processes to help develop information about storm events that can then be used to analyze
flooding impacts accurately and in a very short time.

This paper will address monitoring of rainfall using both gages and radar methods as well as
several techniques used to analyze the data. We will also address the processes we use to
determine rainfall’s impact on flooding. Several real-world problems will be used to illustrate the
techniques and processes used to formulate our conclusions.

DESCRIPTION OF THE RAINFALL RADAR DATA

Since the early 1990s when the National Weather Service first started deploying the WSR-88
radars, commercial companies, hydrologists, meteorologists and engineers have been trying to
get a handle on this thing called “radar rainfall estimates.” Very early in the deployment, many
people thought we would be able to rid ourselves of rain gauges and the maintenance cost and
problems associated with them. Several commercial companies began marketing products and
broadcast TV meteorologists began showing images to their audiences about how much rain had
fallen at certain locations.

There was also a difference of opinion about which algorithm should be used to convert
reflectivity data to rainfall estimates. The National Weather Service settled on the Marshall-
Palmer Z-R relationship and at least one private company settled on an empirical lookup table to
determine rainfall rates. Both approaches have their strengths and weaknesses, but neither give
accurate rainfall estimates as initially anticipated.
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However, it did not take long for individuals to begin to understand the limitations of radar and
how those limitations affect the accuracy of rainfall estimates. Radar has inherent problems such
as anomalous propagation (AP), and false echoes are a tremendous problem in using radar
products. AP is a false reflectivity echo on radar, an echo that is NOT precipitation. A common
form of AP and false echo signatures is ground clutter: This is the most common false echo.
Ground clutter is most common when low elevation beam angles are used in cases where a low-
level inversion is in place. These and other types of AP create a serious obstacle to deriving
rainfall rates from radar. For example, at distances close to individual radars, ground clutter can
create anomalous radar echoes in the lowest elevation scan. To minimize this problem, radar-
rainfall estimation algorithms switch to higher elevation scans which rise above nearby hills,
towers, trees etc. This procedure is called a hybrid-scan. The higher elevation scan may
overshoot rainfall near the radar and underestimate rainfall accumulations. As a result,
discontinuities can appear in the radar image at the distance where the scan elevation changes.
Quality control of data input to your rainfall algorithms becomes crucial to prevent as much
contamination as possible to deriving values — garbage in, garbage out.

The before image below shows what occurs when discontinuity happens due to hybrid scanning
and the after image shows what it should look like if one uses good quality control algorithms.
You will notice in the before image,

R. .adm b T R T 'm the ring in the center of the image
[ _ f : appears as if data were placed there
Lo P [ % | with a cookie cutter. NEXRAIN has
! "":}—-—"'- - gy = e i developed a GIS based correction
[ g e Z - : procedure to correct this problem. If

you look at the after image you will
see the impact of using the procedure.
The discontinuity has disappeared and
the image shows dramatically higher
and probably more accurate rainfall
estimates for the same area.

Once the limitations of rainfall data were recognized and accepted, there was a need to determine
how it was useful for rainfall estimates. Most in the community determined that it was of some
use because it provides information about rainfall between the gauges. For too long we had been
making gross estimates of rainfall over a large area using several 12-inch diameter rain gauge
measurements. For the first time, we had a way to see activity between the gauges in relatively
good resolution (2km).

> i i o
e -
= m#lfﬂﬁtﬁﬂﬂ

S Canlascanlinu ity

S\t Rainal Disribuion Some believed that radar provides a rainfall distribution signature
E fé over an area and what was needed was a way to calibrate the data.

=222 The natural calibration tool for radar is a rain gauge. The rain gauge
measures rain at a certain point, radar rainfall data attempt to provide
an areal view of the amount of rain over a 2km or 1km square area.
The illustration to the left attempts to show the difference between
what a rain gauge measures as opposed to radar. An important point
to keep in mind is that a rain gauge located in a pixel could have a different value than the pixel
and they could both be correct.

Once again there were different opinions on how to use rain gauges as a calibration tool. There
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are those who believe in scaling the radar pixel to the value of the rain gauge and then use some
linear interpolation to determine the values of the pixels between the gauges. The approach of
setting the radar pixel to a gauge amount and using linear interpolation methods has serious
problems.

If we accept the fact that radar may not be accurate, but provides us with a spatial distribution
signature of the rainfall, this will permit us to view the data as a template similar to the one
below. The spatial distribution signature provides an accurate relationship between the
neighboring pixels and scaling should only adjust the template, not alter the pixel relationship.
Therefore, the correct approach to calibration is to
determine a coefficient that can be used to adjust a
template representing all pixels. This method will retain
the relationship between pixels and provide more
consistent results over a time period. However, if a very
large area is to be scaled, it probably will work best to
break the area up into smaller pieces. A method to use in
determining the coefficient would be the average of the
sum of the gauges used divided by the average of the sum
of the radar pixels that contain gauges. This coefficient can
then be used to scale the radar template up or down to produce consistent radar-rainfall values.

In using radar rainfall estimates there are two important steps which must be remembered to
guarantee consistent rainfall estimate results.

. Quality control of radar data
. A sound approach to calibration of the data

It is important to emphasize the word consistent, not accurate, because with radar rainfall,
consistency is the goal. It is not perfect, but it is better than the alternatives.

FIELD APPLICATION

The radar rainfall data was applied to the analysis of a flooding event that occurred in October
2001 at the city of Pompano Beach, Florida. The analysis included the area known as Basin 1 in
the north part of the city. A sudden storm event resulted in extensive road flooding and
numerous cases of house flooding. It was reported that water depth at some locations amounted
to more than three feet. Local residents who have lived in the area for a long time reported that
such flooding conditions had not been experienced during previous events, including Hurricane
Irene in October 1999. In addition, the city staff regularly inspects the stormwater system to
make sure it is operating properly. Full inspections were conducted approximately one year ago
and again this past June. The system is also inspected weekly to make sure that inlets and catch
basins are free of obstructions. A field visit was conducted as part of this work effort to
determine the condition of the drainage outfalls after the storm. The visit confirmed that the
system was free of significant obstructions and debris. It was concluded that pipe blockage could
not have been a factor causing the flooding conditions.
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The unusual flooding conditions required development of a rapid public information program,
particularly because it required quick acquisition of accurate rainfall data. Although rainfall
gauges exist both north and south of Basin 1, measured data were not available within the
required time frame and reports did not seem to match observed conditions during the rainfall
event. The analysis of radar data, in addition to being available on short notice, revealed that a
rainfall pattern of high intensity had occurred along a narrow band that included the flooded area.
A one-square mile area that includes the northern portion of Basin 1 accumulated about 6 inches
of rainfall in a short period of time. Analysis indicated that the rainfall event of October 2001
was equivalent to the 100-year 24-hour design storm event in terms of rainfall depth accumulated
during a three-hour peak period.

Although the flooding conditions that occurred in the city of Pompano Beach in October 2001
were caused not only by the high rainfall intensity, but by a combination of various factors such
as high groundwater table and a high tailwater elevation, the analysis of the rainfall patterns
using radar helped explain the observed conditions.
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Orlando, FL 32812
Phone: (407) 855-9465 Fax: (407) 826-0419

ABSTRACT

Wet detention ponds have become one of the most popular alternatives for stormwater treatment
in the State of Florida. These systems, which are capable of providing flood attenuation as well
as pollution abatement, provide substantial attenuation of runoff pollutants through a
combination of physical, chemical, and biological removal processes. However, regulations
governing the design of wet detention ponds vary widely throughout Florida, particularly with
respect to pond depth, minimum detention time, and littoral zone vegetation.

A mass balance water quality model was developed for nutrients, TSS, BOD, and common
heavy metals to evaluate pond performance and water quality characteristics under a wide range
of design conditions. The model includes hydrologic and mass inputs from runoff and bulk
precipitation, with losses occurring as a result of evaporation, water column processes,
vegetative uptake, and outfall discharges.

Pond performance appears to be primarily regulated by detention time, suggesting that water
column removal processes are the most significant removal mechanisms. Littoral zone
vegetation appears to provide little direct uptake of pollutants from the water column, since
rooted emergent macrophytes obtain nutrients primarily from the sediments. However, littoral
zone vegetation may provide an indirect water quality benefit by providing a diversity of habitat
for other significant removal processes. Pond depth should be regulated by the anticipated
photic zone of the pond which can be predicted using standard lake trophic state models.

Over-excavation of ponds can be beneficial to overall performance, provided that the pond depth
does not exceed the photic zone depth, by increasing pond volume and detention time, providing
additional dilution of inputs and extended opportunities for pollutant attenuation.

This paper was not available at the time these Proceedings were compiled. Therefore,
only the abstract has been printed. The paper will be provided at the conference
and future printings will include the paper in the back of the Proceedings.

59 Harper



Seventh Biennial Stormwater Research & Watershed Management Conference May 22-23, 2002

USING BACTERIAL SOURCE TRACKING AND OTHER INNOVATIVE
TECHNIQUES TO IDENTIFY SOURCES OF FECAL CONTAMINATION IN
STORMWATER

Raymond Kurz, Ph.D.
Senior Environmental Scientist
PBS&J
330 S. Pineapple Ave., Suite 330 Sarasota, Florida 34236
and
Valerie Harwood, Ph.D.
Joan Rose, Ph.D.
Daniel Lim, Ph.D.
University of South Florida, Tampa, Florida

ABSTRACT

Stormwater runoff can transport a variety of pollutants including heavy metals, excess nutrients,
sediments, trash, etc. Several studies dating back to the 1970s have shown that a number of
human pathogens are often present in stormwater and can lead to serious health risks. The
resulting health and economic impacts can be significant since the presence of elevated
concentrations of microorganisms can lead to closures of shellfish harvesting areas and
recreational beaches. Exceedence of microbiological standards is a common Total Maximum
Daily Load (TMDL) impairment not only in Florida, but also throughout the U.S. Unfortunately,
the process to directly enumerate disease-causing bacteria and viruses is time-consuming and
expensive, making it virtually impossible to test for all possible pathogens in a water sample. As
a result, certain types of bacteria (typically total and fecal coliform bacteria and/or enterococci)
are used by regulatory agencies as indicators of microbiological water quality. Unfortunately,
the fecal coliform standard has often been disputed with respect to its predictive capabilities
since several recent studies have shown that this group of bacteria is capable of surviving in
tropical climates outside its human host. Other studies have shown that it may not always be
present in conjunction with other microbial pathogens. A number of relatively new techniques
have been developed to assess microbiological water quality including antibiotic resistance
pattern analysis, gene probes, polymerase chain reaction (PCR), and biosensors. These various
techniques will be discussed, including their strengths and limitations and applicability for use in
stormwater evaluations and development of best management practices.

INTRODUCTION

Certain types of bacteria are used by regulatory agencies (U.S. Environmental Protection
Agency, Florida Department of Health, Florida Department of Environmental Protection) to
assess microbiological water quality. The indicator bacteria are intended to act as warning
signals that the water may be contaminated with feces from animals and/or humans. The
presence of fecal material in water increases the likelihood that humans who drink, swim in, or
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consume uncooked shellfish from those waters will contract a waterborne disease. Regulatory
agencies routinely use the fecal coliform group of bacteria as a fecal indicator. The current
standards for fecal coliform bacteria and several other indicators of fecal pollution are presented
in Table 1 below. Enterococci has recently been adopted by the U.S. EPA as the preferred
indicator organism for marine waters.

Table 1. Guidelines for indicators of fecal pollution in surface waters.

Parameter ‘ Guideline

EPA and State of Florida recommended guideline for a single sample not to

Fecal Coliforms exceed 800 cfu/100ml or a monthly geometric mean of 200 cfu/100ml.

E. coli EPA recommended guideline for a geometric mean of 126 cfu/100ml.
EPA recommended guideline for a single sample of 104 cfu/100ml or a

Enterococci geometric mean of 33-35 cfu/100ml for marine and freshwater,
respectively.

Guidelines based on University of Hawaii study (Fujioka) of 50 cfu/100ml
for fresh/brackish water and 5 cfu/100ml for marine waters.

Guideline based on University of South Florida studies (Rose) of 100
pfu/100ml.

Clostridium perfringens

Coliphage

The goal of bacteriological water quality testing is to predict the risk of disease based on
measured levels of bacteria and/or bacterial products. This goal has been elusive, in part, because
of the limitations of existing, approved methods. It is difficult, time-consuming and expensive to
directly enumerate all of the potential disease-causing bacteria and viruses that may be present in
a water sample. As a result, resource management agencies typically measure the numbers of
indicator bacteria, whose presence more or less reflects the probability pathogens are present in a
given waterbody. However, the fecal coliform indicator is a poor predictor of viral pathogens,
and may well be present in waters where there are few or no pathogens of any kind (viral,
bacterial or protozoan). Although the enterococci may be better predictors of viral pathogens in
some areas of the country, they may also be present when pathogens are absent.

One of the major reasons that fecal coliforms and enterococci are inadequate indicators is that
they are present in the gastrointestinal tract of all warm-blooded animals. Some animal feces, i.e.
those of humans, cattle, and swine, have a higher probability of containing human pathogens
than the feces of most other species, therefore these animals are included in the “high risk”
group. Very low levels of fecal indicator bacteria from a high risk animal group would indicate a
greater potential health hazard than higher levels of indicator bacteria from a low risk animal
group. Currently, there is no routine testing method that can be used to determine the origin of
fecal indicator bacteria, however such a method would allow much more accurate risk
assessment than that which can be achieved with standard testing methods. This would also
allow regulatory agencies to more effectively identify and eliminate the source of bacterial
contamination, which could lead to the reopening closed shellfish beds, and fewer health
advisories postings at recreational beaches.
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Accurate detection and identification of fecal contamination in surface waters (including
stormwater) is a critical component of the federal Total Maximum Daily Load (TMDL)
initiative. At the state level, over 15% of the reported waterbody impairments in Florida (303[d]
list) were due to exceedences of fecal coliform bacteria concentrations. However, it is not
known, definitively, whether these exceedences represented actual contamination of organisms
capable of causing diseases in humans.

This presentation will include a discussion of several newer methodologies and technologies to
identify sources of fecal contamination in surface waters (and stormwater). A methodology for
the detection of fecal contamination problems and a diagnostic process to identify potential
sources will also be discussed along with potential solutions (BMPs) to reduce concentrations of
pathogens.

METHODS
Fecal Contamination Assessment

A case study using the Hillsborough River watershed is presented as an example of a fecal
contamination assessment followed by a bacterial source tracking study (Kurz and Harwood,
2001). Historical fecal coliform concentrations in the upper Hillsborough River have exceeded
state standards on numerous occasions. This frequent exceedence of water quality standards was
identified in the SWFWMD’s Hillsborough River Comprehensive Watershed Management Plan
as an issue requiring further evaluation.

In order to identify the most fecally contaminated areas of the watershed, data were collected for
the project area through the Hillsborough River Watershed Management project performed for
Hillsborough County’s Stormwater Management Section. Sources of data were from STORET,
the Hillsborough County Environmental Protection Commission (HCEPC), and Ayres
Associates (for water quality sampling performed during the year 2000).

Within the Hillsborough River study area, analyses of recent data indicated that the Class III
standard of 200 cfu/100ml is exceeded at HCEPC stations 108 and 143 within the Blackwater
Creek region as well as stations 118 and 148 representing the adjacent Lake
Thonotosassa/Pemberton/Baker Creek drainage area (Figure 1). A more detailed evaluation of
monthly trends between 1988 and 2000 for stations in the Blackwater Creek area are shown in
Figure 2. Trends in fecal coliform concentrations have generally declined since the late 1980s.
One reason for this trend may be due to the closing of several dairies in the watershed (Richard
Boler, HCEPC, pers. comm.). However, concentrations at both stations frequently exceed both
the 200 and 800 cfu/100 ml Class III standard which has resulted in the closure of the upper
Hillsborough River to swimming/contact activities.

A number of recent studies have investigated methods for predicting trends in fecal indicators
including a study conducted by Lipp et al. (in press) and McLaughlin et al. (in prep.) for the
Charlotte Harbor and Tampa Bay estuaries, respectively. These studies were developed and
funded by the SWFWMD to identify the presence or absence of human pathogens and to develop
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better indicators of microbial pollution. Both studies evaluated streamflow and rainfall
conditions as predictors of microbial indicator concentrations. Both studies found significant
positive relationships between hydrologic conditions and indicator concentrations. An analysis
of data from EPC 143 did not, however, indicate a strong relationship between flow and fecal
coliform concentrations (Figure 3a) in the case study area.

u:

Figure 1. Fecal coliform concentrations in the Hillsborough River watershed between 1995
and 1999 (HCEPC data). (Map source: Ayres Associates, Hillsborough River Watershed
Management Plan, 2001)

A similar analyses of fecal coliform concentrations at EPC 143 and rainfall from the nearby
Plant City rain gauge did show a weak but significant positive relationship between these two
parameters (Figure 3b). The consistently elevated concentrations found at EPC 143 indicates
that one or more persistent sources of fecal contamination may exist in the region such as poorly
constructed on-site wastewater treatment systems (OWTS), free-ranging livestock, or failing
package plant wastewater treatment systems. The positive relationship with rainfall indicates
that stormwater runoff facilitates transport of fecal material downstream from the various sources
in the watershed.
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Figure 2. Trends in monthly fecal coliform concentrations at EPC stations 108 and 143
between January 1988 and June 2000. Twelve (12) month moving averages are shown as
solid colored lines for each station. Rainfall depths are for the Plant City gauge. (Source:
Kurz and Harwood, Upper Hillsborough River Bacterial Contamination Assessment Plan

of Study, 2001)
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Scatterplots and regression analyses between fecal coliform

concentrations and flow (left) and rainfall (right) for EPC 143 in the Blackwater Creek
region. (Source: Kurz and Harwood, Upper Hillsborough River Bacterial Contamination

Assessment Plan of Study, 2001)
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Hillsborough County had collected more recent data at several tributary sites in the upper
Hillsborough River region in 2000 (Figure 4). Many of these samples were taken during or after
rain events since little to no flow occurs during the dry season in these smaller stream reaches.
In 2000, exceedences of both the 200 and 800 cfu/100ml standard occurred during the summer
months between June and October at least once for all the stations in this region. Stations
located in the upper Blackwater Creek area (HR 15 and 16), Itchepackesassa Creek (HR 14), and
Hollomans Branch (HR 10) appear to be the most contaminated and had frequent exceedences of
the 800 cfu/100 ml standard during the wet season.

Upper Hillsborough River
Fecal Coliform Trends (2000)
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Figure 4. Trends in monthly fecal coliform concentrations at several stations within the
upper Hillsborough River area for the year 2000. (Source: Kurz and Harwood, Upper
Hillsborough River Bacterial Contamination Assessment Plan of Study, 2001)

Despite the longer term trends showing a decline in fecal coliform concentrations presented in
Figure 2, the more recent data from the year 2000 (Figure 4) showed frequent, elevated levels of
bacteria. However, neither the specific location nor the sources of this contamination could be
identified based solely on this fecal coliform bacteria data. As a result, additional methods for
analyzing water quality were necessary to identify sources of fecal contamination in the
watershed.

Alternative Methods for Identify Sources of Fecal Contamination

Using discriminant function analysis, a multivariate statistical technique using antibiotic
resistance analysis (ARA) was proposed as a method to identify the source of fecal coliforms and
E. coli in the upper Hillsborough River/Blackwater Creek area. This method is being carried out
by the University of South Florida (Dr. Jody Harwood). Dr. Harwood has developed a regional
database of antibiotic resistance patterns (ARPs) of indicator bacteria from known animal
sources. Other investigators currently using this technique (Hagedorn and Wiggins) use fecal
streptococci or enterococci as the indicator organism. For this study, fecal coliforms and, more
specifically, E. coli, is being used as the indicator organism. This study is currently underway
(2002) and should be completed within one year.
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Other methods for identifying sources of bacterial contamination include the use of a
combination of alternative indicator organisms (enterococci, Clostridium perfringens,
coliphage), gene probes, polymerase chain reaction (PCR), inert tracers, and fiber optic
biosensors. Several recent studies in southwest Florida have evaluated the use of multiple
indicator organisms to identify microbiological water quality conditions in estuaries (Lipp ef al.,
2000; Rose et al., 2001). The results of these studies vary, depending on geographic location,
land uses and wastewater disposal practices within contributing basins for a given sampling
point, and atmospheric conditions (El Nino events) that affect streamflow. Several investigators
in the Florida Keys (Paul et al. 1995; Paul et al., 2000) have used inert and viral tracers to
identify transport mechanisms in groundwater; these techniques could also be used where
groundwater and surface water interactions are linked (e.g. areas having shallow groundwater
tables, springs/karst areas).

Gene probes and PCR are highly specific and sensitive molecular techniques which basically
involve the identification of specific portions of DNA (deoxyribose nucleic acids) or RNA
(ribosomal nucleic acids) in microorganisms present in a water sample. The identification
process involves the use of gel electrophoresis that results in the production of a banding pattern
on a gel plate (Figure 5).

Figure 5. Results of a gel electrophoresis analysis.

Finally, one of the newest technologies currently being tested for efficacy is the use of fiber optic
biosensors for identification of microorganisms (Lim, 2000; Lim, 2001; Tims et al., 2001). Fiber
optic biosensors utilize fiber optic waveguides to direct electromagnetic energy in an evanescent
wave. Photographs of a prototype unit and associated laptop computer for data analysis are
shown as Figure 6. Detection antibodies, receptor molecules, and/or nucleic acid probes
immobilized on the waveguide selectively bind specific target analytes. By attaching a
fluorescein-labeled antibody to the analyte antigen in a "sandwich" assay, the fluorophore can be
excited by the evanescent wave to generate a detectable signal. This innovative system has been
used to successfully detect pathogens such as E. coli O157:H7 directly (without enrichment)
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from ground beef, apple juice, and raw sewage at levels as low as 100 organisms per ml. Other
microbial pathogens, including Salmonella typhimurium, Listeria monocytogenes, Vibrio
cholerae, and Cryptosporidium, have been successfully detected with the fiber optic biosensor.
This research, which is performed in close collaboration with federal and local public health
agencies, food processors, water utilities, and the Department of Defense, can significantly
improve public health through rapid detection of microbial pathogens and reduction of disease
morbidity and mortality.

Figure 6. Photograph of a prototype fiber optic biosensor unit (left). Unit is approximately
the size of a car battery.

Analyzing the Data and Identifying Solutions

Once data have been collected regarding actual sources of fecal contamination, various GIS
analyses can be performed to pinpoint potential land uses/activities which may be contributing to
elevated bacterial concentrations. Using existing land use, FDEP wastewater treatment plant
permits, and Department of Health septic system permitting records, areas utilizing package
plants or septic systems can be identified if human sources are identified by the ARA analyses.
This data can then be intersected with soils data to identify areas utilizing septic systems which
may be constructed in inadequate soils conditions (i.e., high water tables, poor filtration
properties) or in close proximity to streams or ditches. Package plants can also be identified on a
map to identify proximity to sampling stations and streams. Agricultural land uses (e.g.,
pastures, cattle operations) that are adjacent to streams or ditches can be identified as potential
sources. Field observations may then be necessary to identify whether livestock are being
excluded from streams or other waterbodies.

Best Management Practices Evaluation
A number of structural and non-structural best management practices have been developed to
improve water quality. Structural systems include wet detention ponds, alum treatment, sand

filtration, off-line retention, and many other combinations of systems that have traditionally
originated from the wastewater treatment industry. Although most structural systems have been
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designed to reduce nutrient, suspended solids, or metal contaminants from stormwater runoff,
these systems have also been shown to remove microbiological contaminants given certain
design considerations (Kurz, 1998). Hagedorn et al. (1999) has shown that simple fencing of
pastures to exclude cattle from streams can result in significant reductions in fecal coliform
concentrations in a rural watershed.

Non-structural practices include proper waste management at dairies and poultry farms, livestock
management (exclusion) near waterbodies and streams, good housekeeping and facilities
management at wastewater treatment plants, and proper site planning and management of on-site
wastewater treatment systems. Both structural and non-structural systems should be evaluated
for their potential to reduce fecal contamination once an accurate assessment of the source and
nature of the contaminant is identified within a given watershed.
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Savas Danos, Manager, Littleton Light and Water Dept.
GeoSyntec Consultants, Inc.
629 Massachusetts Ave
Boxborough, MA 01719

ABSTRACT

Long Lake in Littleton, Massachusetts has experienced rapid eutrophication as a result of
conversion of summer cottages to year-round housing, on-site wastewater disposal on small lots,
and an extensive network of stormwater collection and conveyance piping with direct discharge
to the Lake. A network of stormwater catch basins and conveyance piping currently directs the
vast majority of stormwater immediately into Long Lake through over 18 piped discharge points.
The current stormwater conveyance system provides minimal opportunity for stormwater to
come in contact with soils and vegetation, settle solids, and remove nutrients and other
pollutants.

This Section 319 comprehensive stormwater retrofit project for the restoration of Long Lake, the
first of its kind in Massachusetts, employs a Low Impact Development (LID) approach that will
include: selected disconnection of the existing stormwater collection system; design and site
location of infiltration swales, and a wetland treatment cell, bioretention cells, depression
storage, porous pavement, and parking lot storage; homeowner involvement through education
including: installation of rain barrels, lawn care education, water conservation, and other
management practices. In addition to the Section 319 grant, the Town recently received a
$300,000 State Lake and Pond Demonstration Grant to help implement many of the controls.
The new grant will support economic incentives to encourage homeowners to purchase no
phosphorus lawn fertilizer under a rebate program.

This paper will describe the comprehensive and innovative approach that Littleton is using to
retrofit this area, improve water quality in this recreational lake, involve residents, and help to
meet the local Stormwater Phase II requirements and provide a pilot project for similar lakeshore
communities developing Phase Il programs.

INTRODUCTION

Long Lake is a 99-acre recreational (i.e., swimming and fishing) kettle pond in Massachusetts
with over 600 houses on small lots, that has been subject to a deterioration of water quality and
recreation use caused by a proliferation of nuisance aquatic macrophytes (Figure 1). Results of a
water quality study conducted as part of a Diagnostic/Feasibility Study in 1990 and further
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documented through a current S.319 project indicate that Long Lake is undergoing cultural
eutrophication, mainly due to nutrient inputs from its 1.5 square mile watershed. Phosphorus is
considered the most important limiting nutrient for primary production (plant growth) in the lake.
The phosphorus arrives principally through the surface tributaries, storm drainage runoff from
road surfaces and the groundwater. An updated phosphorus budget was completed for the S.319
Project (Figure 2). A network of stormwater catch basins and conveyance piping currently
directs the vast majority of stormwater immediately into Long Lake and quickly discharges
stormwater through over 18 piped discharge points. The current stormwater conveyance system
provides minimal opportunity for stormwater from impervious source areas to come in contact
with soils and vegetation, settle solids, and remove nutrients and other pollutants (Figure 3).
Stormwater is the major source of pollutants to the lake and accordingly a program has been
developed to address this source through retrofit of the existing stormwater collection system
with grass and vegetated swales, a constructed wetland, boat ramp and parking area redesign,
and distributed controls on private residential lots in the watershed. Current S.319 funding is
limited and will only help to implement a portion of the required controls.

Figure 1. Noxious Aquatic Macrophytes and Emergents at Long Lake
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Figure 2. Phosphorus Budget at Long Lake, Littleton

Figure 3. Direct Stormwater Discharges into Long Lake, Littleton

THE PROBLEM

Long Pond is identified on the Massachusetts 303(d) list for noxious aquatic plants, and water
quality may be threatened by high phosphorous loading. Long Pond is in the Fort Pond Brook
Tributary Basin and serves as the headwaters into the Assabet River, which is also identified on
the Massachusetts 303 (d) list. The Assabet River is currently undergoing a “Total Maximum
Daily Load” analysis. Eutrophication has led to extremely dense macrophyte growth along the
shoreline of the pond, with subsequent degradation of the recreational utility of this water body.
Storm events bring flooding and direct discharge of sediment, nutrient, and pollutants directly
into the Lake (Figure 4), causing rapid buildup of sediment along the shoreline of the Lake.
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Figure 4. Flooding and direct discharges of sediment into Long Lake during March 21,
2001 storm event.

The water quality impacts of storm drains and septic systems in the Long Pond watershed are
also a concern. Restoration of recreational activities and mitigation of present and future
influences are desired.

Figure 6. Dye Testing To Determine
Stormwater Drainage

Figure 5. Stormwater Outfall at Town Beach
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RESTORATION PLANS

The Littleton Lakes Coalition (LLC), and the Long Lake Neighborhood Association (LLNA)
have become active participants with the Town of Littleton to restore and protect the many lakes
in the Town and promote cooperation among individual lake and pond associations. Many
improvements and institutional changes in the Long Lake watershed have been accomplished
over the last year. The community has agreed to promote the design and installation of a range
of Low Impact Development (LID) controls within the watershed to Long Lake. LID controls are
stormwater management techniques designed to reduce stormwater volume and improve the
level of pollutant removal through distributed control techniques, including disconnection of
flow paths, infiltration, retention, and biological uptake.

The specific goals of the Long Lake restoration project are to restore the value of the lake to the
community through the implementation of in-lake and out-of-lake controls. The techniques
being implemented are aimed at reducing or removing factors leading to pond degradation rather
than merely treating pond conditions in isolation. These techniques include macrophyte
chemical treatment (conducted in June of 2001) hydroraking of rooted macrophytes, stormwater
treatment (i.e., LID controls), increased street sweeping, and education of watershed residents.

LID CONTROLS

Over 20,000 linear feet of drainage swales are designed and in the process of installation. Using
a parcel-by-parcel and right-of-way analysis based on the Town’s geographic information system
(GIS). The design and layout of wet and dry drainage swales was accomplished. In this highly
developed watershed, encroachment upon the roadway right-of-way was significant. Mailboxes,
trees, shrubs, walls, fences, were all identified using the GIS. Where obstacles could be removed
or avoided, a swale was designed. In Massachusetts, infiltrating stormwater control measures
must have a setback of 100 feet from septic systems. Achieving this setback was almost
impossible in this watershed. In response, the design of the swales was modified to include
impervious membranes such that they will function as wet swales.

A constructed wetland cell (Figure 7) was designed to treat a 40-acre drainage area to Long
Lake. The parcel is owned by the Town and is currently considered a non-buildable lot due to
wetlands. Over 90% of the stormwater volume will flow through this constructed wetland
resulting in a significant reduction in sediment and nutrient loading to the Lake. In addition,
recreational opportunities for wildlife observation were incorporated into the project by
including a porous paver walkway.
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Other proposed LID controls include: the disconnection of roof drains that are directly
connected to pervious surfaces; installation of rain barrels to capture roof drainage; installation
of raingardens to hold small volumes of runoff on site; installation of several bioretention cells
on public parcels throughout the watershed; creation of a watershed interpretative Low Impact
Development walking trail in the watershed with a map, field signage, and pamphlet; and
economic incentives to promote of the use of low phosphorus lawn fertilizers and natural lawn
care products.

This last LID control involves providing watershed homeowners with rebates to purchase no
phosphorus lawn care products. Excessive amounts of nutrients from lawn care activities are
common sources of nutrient loading to lakes. Public educational materials were supplied to
residents on alternative lawn care products that are low in phosphorus. There is considerable
interest in using these products; however, their cost is slightly higher than commercial brands of
lawn fertilizers. Corn gluten meal (10-0-0) is a commercially available lawn care product having
no phosphorus and consisting entirely of dried protein separated from corn during the
manufacture of starch in the food industry. Corn gluten also has properties that reduce weed
seed germination, serving as a pre-emergent natural herbicide. This and other natural products
are available locally at hardware stores and lawn care supply stores. The approach is to provide
a $25 per bag rebate to homeowners in the watershed that purchase these products rather than
fertilizer high in phosphorus. Rebates such as this have worked exceptionally well in the electric
power industry (low-wattage light bulb coupons) and in the water conservation field (low-flow
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toilet retrofit rebates). This innovative approach to use economic incentives to change behavior
in the purchasing of fertilizers can significantly reduce phosphorus loading from lawn care in the
watershed. The rebates will be directly available to the consumer at the time of purchase. The
retailer will be reimbursed for all rebate coupons accepted.

NPDES STORMWATER PHASE II COMPLIANCE

In 1999, the U.S. Environmental Protection Agency (EPA) instituted the NPDES Phase II Storm
Water Regulations. Phase II affects 189 Massachusetts communities by expanding the NPDES
program to include these municipal separate small sewer systems [MS4s] and small construction
site activities (1-5 acres). Included in the MS4 category are municipal systems, state and federal
departments of transportation, public universities, local sewer districts, public hospitals, military
bases and prisons. Under the stormwater rule, all regulated small municipal separate storm
sewer systems must develop, implement, and enforce a storm water management program
designed to reduce the discharge of pollutants to the "maximum extent practicable" utilizing best
management practices (BMPs). The program require the development and implementation of 6
minimum control measures including:

Public education and outreach on storm water impacts

Public involvement/participation in the development of the plan

Illicit discharge detection and elimination including infrastructure mapping
Construction site storm water runoff control

Post-construction storm water management in new development and redevelopment
Pollution prevention/good housekeeping for municipal operations

The Long Lake stormwater restoration project in Littleton will assist the community develop a
stormwater control program for most of these minimum measures. Public education and
involvement has been achieved. Infrastructure mapping is completed. Post-construction
stormwater controls have been designed and several installed. Pollution prevention through
street sweeping and catchbasin cleaning is a regular maintenance item in the watershed.

CONCLUSION

Over the next three years all of the stormwater control measures discussed above will be
implemented. A water quality monitoring program will be conducted to measure the nutrient
and sediment loading reductions from these distributed LID control measures. It is anticipated
that the cost of the LID controls will be significantly less than the cost of a regional stormwater
control facility. In addition to the water quality benefits, community involvement and aesthetic
improvements through plantings in the bioretention cells, raingardens and swales will help to
create vegetated buffers between the small residential lots. LID controls in a retrofit setting of
high density lakeshore development holds the promise of achieving improved stormwater quality
control while involving residents and improving aesthetics.
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TOWN LINE BROOK URBAN WATERSHED STUDY
MODELING INCREMENTAL IMPROVEMENTS

Marcus M. Quigley, P.E., Project Engineer, GeoSyntec Consultants
Steven P. Roy, Associate, GeoSyntec Consultants
Lawrence Gil, North Coastal Watershed Team Leader,
Massachusetts Executive Office of Environmental Affairs
GeoSyntec Consultants, Inc.

629 Massachusetts Ave
Boxborough, MA 01719

ABSTRACT

Innovative approaches that are available for addressing stormwater pollution and flooding
problems in highly urbanized areas are often not proposed as alternative solutions due to the
complexity of analyzing the marginal benefit of a large number of low cost alternatives in favor
of robust and often costly engineering solutions. Town Line Brook which drains significant
potions of the cities of Revere, Malden, Everett, and Melrose just north of Boston, Massachusetts
has repeatedly been the victim of oversimplified (and costly) proposed solutions to a complex
series of water quality and quantity problems. This paper discusses the recent and ongoing
efforts of the authors to address these problems in this 2.5 mile long tidal creek draining
approximately 2500 acres of highly urbanized area. A proposed range of innovative approaches
are proposed including: restoration of floodplain function through the creation of offline storage,
salt marsh and freshwater wetland rehabilitation, self-regulating and conventional tide gate
installation and optimization, in-channel sediment removal, bank and channel stabilization,
erosion control, and removal and rehabilitation of engineered structures. Watershed hydrology
and hydraulics have been modeled using a continuous simulation (based on 50 years of historical
hourly tide and rainfall data) of both the main channel and the complex drainage system utilizing
the SWMM model coupled to a project GIS. The methods used have significant implications for
similar locations nationally demonstrating that the difference between inaction and
implementation can lie in our willingness to embrace innovative and incremental solutions to
complex water quality and flooding problems.

INTRODUCTION

The Massachusetts Environment Trust (MET) established this study of the Town Line Brook
watershed and its two tributaries (Trifone Brook and Linden Brook) to provide recommendations
for improvements to the existing drainage infrastructure and management of the watershed in
order to address public safety hazards created by chronic flooding of the brooks and reduce
pollution entering the Pines River and surrounding shellfish beds.
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This paper focuses on the technical approach used in the study for assessment of low cost/high

return flooding mitigation, channel and wetland restoration, and water quality improvement
alternatives.

PROJECT SITE AND HISTORY

The Town Line Brook watershed is comprised of approximately 2500 acres of highly urbanized
areas of four towns (Revere, Malden, Everett, and Melrose) located just north of Boston on the

coast of Massachusetts (see Figure 1). Population densities in these three towns range from 16.5
per acre to 9.3 per acre.

Town Ling Brook Watershed
and Rumnay Marsh ACEC
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Figure 1. Site map showing watershed, main drainage channels, receiving water for the
Town Line Brook watershed.

The main channel of Town Line brook is approximately 2.5 miles long. Until the late 1950s, the
channel was under tidal influence. As part of a flood mitigation project that was intended to
include a sizable detention facility and pump station, the upper reaches of the channel were
excavated and concrete lined. At the same time, the major tributary of Town Line Brook, Linden
Brook, which drains 1100 acres of the watershed, was almost completely enclosed in a system of
culverts. The proposed detention facility and pump station were never constructed. However,

tide gates were placed at the most downstream culvert to limit tidal flows into Town Line Brook
and back into the drainage system.
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Under current conditions, the main channel drains through a set of tide gates to Rumney Marsh, a
state designated Area of Critical Environmental Concern (ACEC). The main channel and the
tributary drainage system are subject to partial tidal influence as a result of the installation of a
series of self-regulating and conventional tide gates (SRTs). The rehabilitated tide gate system
was constructed in 2001 for the restoration of upstream salt marsh areas and flood protection.
The tide gate structures present prior to 2001 were of a conventional design and in poor
operating condition, which resulted in minimal flood protection and regular inundation of
historical salt marsh areas.

Watershed hydrology has changed dramatically over the past 70 years due to the extensive
development that has taken place. In addition, the floodplain has rapidly disappeared in this
century. Field observations of encroachment activities are supported by historical
orthophotographs of the area, which were obtained by the authors for each of the past seven
decades.

Tidal fluctuations in the receiving water vary greatly with the astronomical tidal fluctuations
being in excess of 12 feet and storm surges in excess of 14 feet (above mean lower low water)
during extreme events.

METHODS
Model Selection

Based on the complexity of the hydrologic and hydraulic situation in the watershed (downstream
tidal boundary conditions with self-regulating tide gates and upstream urban runoff) and the
desire to understand the impacts that a variety of flood mitigation approaches would have on the
frequency of flooding, the SWMM model was selected for modeling hydrology and drainage
system and channel hydraulics. The authors felt that in order to provide stakeholders with some
tangible evaluation of mitigated impacts under the conditions present in Town Line Brook and
Linden Brook, a continuous simulation model would need to be developed. The continuous
simulation approach allowed the authors to provide frequency analysis results on actual water
surface elevations and flow rates in the Brook and drainage system as well as elevation-duration
curves. In addition, the use of the SWMM model allowed the authors to examine the frequency
and duration of frequent events to a much greater extent than would have been possible with
steady state or single event models. Where tidal boundary conditions drive flooding, it is often
difficult to assess the impacts of proposed flood mitigation alternatives for frequent events
without a continuous simulation model. The typical modeling approach is to determine water
surface profiles resulting from a synthetic storm event occurring during a specific tidal condition
(e.g., flows resulting from the 50-year 24-hour rainfall combined with 50-year tidal elevations).
Use of the SWMM model also allows for frequency analysis of events that result in the majority
of pollutant loads to the receiving waters (i.e., smaller events that are often not of specific
interest for flood mitigation.)
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Model Setup
The SWMM model was developed from a variety of existing sources of information including:

Historical hourly rainfall records (50 years)

Historical hourly and 6 minute tidal data (80 years)

GIS based land use data

GIS based digital (or digitized hard copy) soil survey maps (MassGIS and National

Resources Conservation Service)

¢ Digital elevation models and other digital topographical data of the watershed (United
States Geological Survey, Massachusetts Highway Department, and MassGIS)

e Existing HEC-2 cross-sectional data for the main channel (previous study by Haden and
Wegman)

e Scanned and digitized drainage maps (from Towns of Revere, Malden, Everett, and
Melrose)

e Original design plans for the culverts and main channel improvements (obtained from the
Metropolitan District Commission)
Digital Orthophotography (MassGIS)

e Field survey, measurement, and documentation of channel sections, inverts, and outfalls.

Hydrology for the model was carried out using historic rainfall records in the SWMM Rain and
Runoff modules. The Runoff module was developed based on available land use data, digitized
soils data, digital elevation information, and other pertinent available information from a variety
of references and sources (e.g., impervious percentages for land use categories as developed by
MassGIS). The Runoff module contains 70 sub-watersheds.

Hydraulics were simulated by employing the Extended Transport (Extran) Module. Open
channel hydraulics for the main channel were simulated utilizing irregular cross-section data
available from existing HEC-2 models and new sections developed based on one-foot contour
interval digital topographical maps. Pipes less than 24” in diameter were excluded from the
SWMM model in order to strike a balance between accurately representing the drainage system
and model complexity. The Extran module contains 125 conduits including open channel
sections.

Water Quality Issues

Although Town Line Brook is subject to the typical suite of omnipresent urban pollutants, the
primary pollutant of concern in Town Line Brook is fecal coliform contamination due to the
large areas of shellfish beds downstream in the receiving water (Rumney Marsh). Water quality
improvement opportunities for pollutants resulting from non-point sources in the watershed and
Town Line Brook itself are limited by a number of factors, including availability of land.
Typical approaches such as providing regional facilities for the removal of pollutants are limited
in their applicability. Dry weather sources are being actively pursued in the watershed.
Although illicit connections and leaking sanitary sewers may play a major role in the current
water quality impairment, addressing these sources alone will most likely not bring the water
quality of Town Line Brook below required levels (200 mpn/100ml) due to the abundance of
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non-point sources. The authors are currently conducting a wet weather and dry weather
monitoring study to help identify wet weather sources and design both structural (constructed
wetlands) and non-structural (public education and pet waste management programs) Best
Management Practices (BMPs) aimed at reducing discharges of non-point fecal coliform
pollution. The work conducted as part of the hydrology and hydraulics study are useful for
better understanding the contributions of source areas and impacts on non-point source loads
from proposed structural BMPs.

Assessment of Flood Mitigation Alternatives

One of the primary objectives of the project was to identify strategies and modifications to the
drainage system that would result in decreased flooding (frequency and duration) in Town Line
Brook.  Mitigation strategies broadly fall into two categories in the alternatives analysis
according to their assessment methodology: 1) strategies that can be quantitatively evaluated in
the SWMM model; and 2) strategies that can be evaluated qualitatively or through non-modeling
approaches. Alternatives considered both separately and in combination include:

¢ Install additional conventional tide gates at a variety of locations in the drainage system
(modeled).

e Provide new main-stem offline storage and improved wetland and salt marsh
environments (modeled).

e Diversion of flows from Linden Brook to existing wetlands for water quality

improvement or complete diversion for flood control (modeled).

Use of portions of the ACEC for water quality facilities and flood storage (modeled).

Adjustment of the SRT closing setting and active management of the tide gates during

and before extreme events.

Channel dredging (capacity analysis)

Channel removal and rehabilitation (qualitative evaluation).

Upstream storage (qualitative evaluation and limited analysis).

Development and Zoning (qualitative analysis).

Increasing the height of dikes to protect the floodplain from large storm surge.

In addition to quantitative and qualitative assessment of the above alternatives, options were
evaluated for their ability to be implemented. Some options were excluded prior to the
alternatives analysis due to extreme cost and the historical precedent of the failure of proposed
large-scale solutions.

As a guiding principal, alternatives that had potential to increase flooding in any part of the
watershed above current conditions were excluded. Modeling of specific historical extreme
events under alternative strategies identified a number of options that failed due to this criterion.
Specifically, placement of tide gates at the Squire Road culvert (See Figure 2) would provide
increased protection in some sections of the watershed (upstream of the Squire Road culvert), but
also increased flooding in the Linden Brook Culvert.
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Figure 2. Map of Lower Reaches of Town Line Brook and Linden Brook

Although this alternative would prevent the storage of tidal flows in the channel above Squire
Road, providing additional runoff storage volume, the increased capacity of the system is not
“felt” by the Linden Brook watershed; in fact the flood storage volume of the channel and
floodplain available to Linden Brook flows is significantly decreased. This is a result of the
relative size of the area draining above and below the proposed tide gate location and the
available storage capacity in the two sections of the channel. Placement of tide gates at Squire
Road prevents storage of runoff from the 1100 acre Linden Brook watershed in areas above the
potential tide gate location. Results such as these are difficult to demonstrate in this watershed
without the use of the continuous simulation model. In fact a number of alternatives increased
flooding during historical extreme events. A summary of some of the results from modeling a
variety of flood mitigation alternatives under extreme historical conditions are provided in Table
1.
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Table 1. Modeling Results for Flood Mitigation Alternatives During Historical Extreme Events

February 6-7 1978 (2.86 inches — 100-year tide) June 12-15 1998 (6.77 inches — No surge)
Main Above Above
Tidal Channel Linden Squire Tidal Main Channel Linden Squire
Elevation Above Rt. 1 Culvert Road Elevation Above Rt. 1 Culvert Road
Scenario Maximum Water Surface Elevation (ft, NGVD) Maximum Water Surface Elevation (ft, NGVD)
Current Conditions 9.72 6.40 6.43 6.44 5.86 5.87 5.93 5.92
Lower SRT Setting Elev. 3 9.72 6.02 6.03 6.02 5.86 5.42 5.44 5.42
Closed SRT 9.72 5.85 5.86 5.85 5.86 5.12 5.14 5.18
Conventional Tide Gates at
Squire Road 9.72 7.37 7.39 5.62 5.86 5.86 5.91 5.15
Tide Gates at Squire and
Offline Storage Upstream of
Squire Road 9.72 7.37 7.39 4.74 5.86 5.86 5.91 4.71
Storage Above Squire Road
Onl 9.72 6.08 6.10 6.10 5.86 5.72 5.75 5.75
Complete Diversion of Linder
Brook, Additional
ACEC Wetland Storage for
Linden Watershed (additiona|
4.6 ac), Tide Gates at Linden,
Squire Road Tide Gates,
Offline Storage Above Squirg
Road. 9.72 5.43 6.71 4.74 5.86 5.37 5.87 4.7

RESULTS AND DISCUSSION

The intent of this project was to identify flood and water quality improvements that could be
implemented for Town Line Brook. The basic premise of the project was that innovative
solutions that provided significant marginal benefit, but may not solve all of the problems in
Town Line Brook could be found through continuous simulation modeling of hydrology and
hydraulics. The authors found through modeling and qualitative analysis that several such
solutions that could be implemented in combination to provide a noticeable improvement in not
only flooding, but also water quality, and habitat. These solutions were compiled into a
preferred approach. The preferred approach consists of the following:

o Install tide gates at the Linden Brook culvert to make available additional storage (as
much as 10 to 13 ac-ft) at high tide when the SRTs are not set closed.

o Install tide gates on Trifone Brook culvert to protect upstream areas from excessive
downstream water surface elevations.

e Set SRTs to close at elevation 2° NGVD (they are currently permitted to close at 4’
during the winter months and 5’ during the summer).

e C(Create approximately 60 ac-ft of offline storage on the main channel in combination with
wetland restoration consistent with adjusted SRT closing elevation.

e Dredge the channel of approximately 4000 cubic yards of sediment that have
accumulated in lined reaches.

e Increase flood dike height to 9° NGVD at all locations.

A number of the alternatives can be implemented independently. Specifically, installation of
conventional tide gates at the Linden Brook culvert and at Trifone Brook can be carried out
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independently of other components. The most notable improvement in flood elevations results
from the combination of setting the SRTs to low closing elevations and providing offline storage.
SRT closing elevations cannot be lowered until significant upstream wetland rehabilitation is
conducted to account for major changes in water elevations that result from the lower setting. In
addition, the construction of offline storage areas should be conducted as an integral component
of the wetlands/salt marsh restoration. The construction of offline storage areas also could
include channel modifications such as removing sections of the channel to allow flows to enter
into offline areas. The goal for the channel modifications would be to restore a more natural
flow regime with interactions between the main channel and adjacent salt marsh offline storage
areas. It is expected that if properly designed, offline storage areas and the wetland restoration
work could aid significantly with water quality.

The SWMM model demonstrates the impacts of using the preferred approach. An elevation-
duration curve provides a useful overview of the effects of the strategy (see Figure 3) on water
surface elevations. Residential flooding occurs above elevation 6°. Figure 3 demonstrates that
during the 10 year modeled period (1988-1998) the maximum water surface elevation upstream
of the SRTs in the main channel is decreased from 6.5 feet under current conditions to 5.2 feet
under the preferred alternative. It is also important to note that a considerable level of protection
has been reached through the installation of the system of tide gates installed in 2001. Water
surface elevations would be much closer to the downstream water surface elevations in Rumney
Marsh if the tide gates had not been rehabilitated.

Maximum Maximum Current  Maximum Tide

Mitigated 5.2 ft  Conditions 6.5ft 8.9ft
100% —

90% . /-
80% .
Water Surface

70% 5

_-' / Immediately Upstream of Route
60% / Current Conditions
50% /

40% -------Water Surface
/ Immediately Upstream of Route
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Downstream Water
Elevation (Rumney Marsh)

Percent of Total
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Figure 3. Percent of Total Model Duration where Water Surface Elevation is at or
Below Indicated Level During Model Run During 11 Year Period 1-1-1988 through
1-1-1999

85 Quigley, Roy, and Gil



Seventh Biennial Stormwater Research & Watershed Management Conference May 22-23, 2002

ACKNOWLEDGEMENTS

The authors would like to thank the large number of active project participants at the following
agencies and organizations: Massachusetts Environmental Trust, Saugus River Watershed
Council, the Towns of Malden, Revere, Everett, and Melrose, Massachusetts Department of
Environmental Protection, Environmental Protection Agency (Region 1), Massachusetts
Highway Department, Massachusetts Coastal Zone Management, and the Massachusetts
Executive Office of Environmental Affairs. The success of this project is directly linked to the
willingness of the MET oversight committee to embrace innovative approaches and seek
solutions that provide high marginal benefit. This project was funded by the Massachusetts
Environmental Trust.

86 Quigley, Roy, and Gil



Seventh Biennial Stormwater Research & Watershed Management Conference May 22-23, 2002

POLLUTANT LOADING ANALYSIS FOR STORMWATER RETROFITTING IN
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ABSTRACT

As a result of perennial flooding along Oak Street in Melbourne Beach, Florida, Creech
Engineers, Inc., was chosen by Brevard County Stormwater Utility to design and permit drainage
improvements for the 5lacre drainage basin. The drainage basin consisted of mixed roadway,
park, school, residential, and church land uses. As is often seen in older areas of cities, there was
no stormwater infrastructure to provide even minimal flood protection for several blocks of this
collector street. To further compound the problem, Oak Street is a Brevard County maintained
road, even though it lies mostly in the Town of Melbourne Beach. In order to address the
problems along Oak Street, the County undertook several partnership opportunities with adjacent
schools, parks, private residences, and the Town.

In September 2000, the first phase of improvements were made by Brevard County at the Gemini
Elementary School on Oak Street to alleviate flooding to properties adjacent to the school. This
was a joint effort between Brevard County and the School Board. The flooding was partially
caused by runoff from Oak Street flowing across school property and into the yards. At the
school site, three dry retention ponds totaling 7.28 acres were constructed to reduce flows which
were leaving the school site through adjacent yards, as well as provide stormwater treatment
where none existed. A new outfall pipe to the Indian River was constructed to funnel flows that
were sheet flowing through yards and over streets. These improvements were part of a much
larger project to address repeated flooding along the Oak Street corridor.

The second phase of the project addressed stormwater quantity and quality concerns along Oak
Street from A1A to Cherry Street. Flooding of the road necessitated the construction of 2000
feet of new pipe system, which discharged into a residential canal system. This canal system
was used by many of the adjacent residents for boating to the Indian River Lagoon (Bay). These
canals were very politically sensitive since they were in need of dredging. The citizens requested
the Town to dredge the canals even though the Town does not normally undertake dredging
projects. The Town declined to dredge the canals. The residents were concerned that the new
stormwater system would lead to further sedimentation of the canals.

To address citizen and permitting concerns, a stormwater treatment train consisting of a series of
swales, berms, and dry ponds was designed to provide maximum volume retention on the park
site. A series of inlets were designed at the park and along the road to provide an outfall for
these basins. In addition, a series of swales, retention ponds, inlet traps, and baffle boxes were
constructed to reduce overall pollutant loads entering the canals.
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To quantify pollutant load reduction, an analysis for annual stormwater pollutant loadings was
performed. In order to assure total load reductions, an additional 77 acres offsite of the project
were retrofit with baffle boxes and inlet traps in resident’s yards. These offsite areas in the Town
required permitting and close coordination with Town officials.

This project was typical of the creativity, shareholder involvement, and partnerships necessary to
retrofit urban areas.

INTRODUCTION

At Gemini Elementary School in Melbourne Beach, Florida, there has been a history of repeated
flooding on the school grounds and in properties adjacent to the school. In 1999 Creech
Engineers, Inc. (CEI) was chosen by Brevard County Stormwater Utility to design drainage
improvements to alleviate these flooding conditions, as well as to provide for stormwater
treatment within this 20.06 hectare drainage basin. The project was divided into two phases.
Phase 1 improvements were made in order to accelerate initial flood control measures for homes
downstream of the school. Phase 2 involved the design of more extensive flood and water
quality control measures along Oak Street for further protection of school property and roadway
flooding at nearby church property. This paper highlights the political challenges of retrofitting
stormwater systems in developed areas, as well as demonstrates a methodology for performing a
nonpoint source pollutant loading analysis.

EXISTING CONDITIONS

Gemini Elementary School is located on a 8.02 hectare, triangular shaped property along the
south side of Oak Street, a two lane collector road in Melbourne Beach, about one half mile from
the Atlantic Ocean. See Exhibit 1. Residential properties lie downstream of the school, along its
southeast and southwest borders. 8.51 hectare Doug Flutie Park is on the north side of Oak
Street. A soccer club uses the park and school grounds on a daily basis. There was no stormwater
system at the park, along Oak Street, or on the school site. Stormwater flowed southward off
Doug Flutie Park, across Oak Street, through the school site, and into the yards and homes south
of the school. These yards, and the roads downstream of them, are very flat and only a few feet
above sea level. Once water stages high enough in the yards, it gradually sheetflows down the
adjacent roads a few hundred yards to the Indian River. The affected homeowners naturally
blamed the school for allowing the school’s water to flood them.

West of the school, a few hundred yards along Oak Street, was a low point in the road where
water ponded and flooded the road and an adjacent churchyard. Due to a thin clay lens at 26 cm
deep causing a perched water table, water stood in the road for several days after even a nominal
rainfall. This drainage basin was almost completely built out, with no easy path for developing
outfalls to relieve flooding.

This section of the Indian River is a Class 2 water body, with a Shellfish Harvesting
classification bringing intense scrutiny from the St. Johns River Water Management District.
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Corp of Engineers permitting is required for new outfalls in the area due to seagrasses near the
shoreline.

The park, the school, and Oak Street lie in unincorporated Brevard County. The church, and
properties west of the school are in Melbourne Beach. Being a collector road, all of the utility
companies have major transmission lines in the road right-of-way.

As can be seen, this challenging project involved Brevard County, Melbourne Beach, the School
Board, Brevard County Parks and Recreation Department, Brevard County Road and Bridge
Department, Brevard County Stormwater Utility, a church, three different Homeowners
Associations, a soccer club, the Water Management District, the Corp of Engineers, and several
utility companies. Stakeholder involvement and partnerships were going to be critical to weave
a solution through the many players involved.

PROPOSED IMPROVEMENTS

The first priority was to alleviate flooding in the homes adjacent to the school. As an interim
measure, a berm was designed and constructed by County personnel along the south property
lines of the school, with a swale behind the berm directing water to the southernmost point of the
school property. At that location, an inlet and 18” outfall pipe were constructed in a utility
easement through two heavily landscaped and fenced yards, to Pompano Street, where it was tied
into an existing storm drain pipe.

A short time later, heavy rains overflowed the berms and swales and flooded homes adjacent to
the school again. CEI was engaged at that point to provide more effective drainage
improvements.

Fortunately, Gemini Elementary School had a significant area of vacant land on their site. The
school entered into agreements with Brevard County allowing the construction of three dry
retention ponds totaling 2.95 hectare to reduce flows leaving the school site, as well as provide
stormwater treatment where none existed. These dry ponds were wound around several soccer
and baseball fields. The soccer field’s locations had to remain in place due to previous
agreements with the school and Parks and Recreation Dept. The ponds were only 26-40 cm
(12”- 18”) deep and sodded, allowing the soccer teams to use the pond areas as practice fields
when dry. When the ponds were excavated, the confining clay layer was removed to allow for
infiltration though the beach sand at the site. Construction was scheduled during the summer
when school was out.

A control structure was designed at the outfall pipe location to provide protection for a 25 year
storm. The temporary connection to the existing downstream pipe had overloaded the
downstream system in a heavy rain event, so a new outfall to the Indian River was designed
through a park adjacent to the River. The park was owned by a Homeowners Association, which
reluctantly gave a drainage easement through the park. The County agreed to make several
improvements to the park and its boat ramp in exchange for the easement. The Corp of
Engineers was concerned that the new outfall pipe discharges would impact the nearby
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seagrasses, so the new discharge pipe was not permitted to be constructed in the Indian River. A
bubbleup box was designed ten feet back from the shoreline and rock riprap was placed between
the bubbleup box and the mean high water line to prevent erosion. As mitigation for disturbing
the shoreline, spartina and other plants were planted among the rocks to further buffer the
shoreline from the stormwater discharges.

This first phase of improvements was finished in September 2000 at a cost of $124,000. The
improvements implemented proved successful in preventing any flooding of adjacent homes in
several large rainfalls in 2001.

The second phase of the project addressed stormwater quantity and quality concerns along 1650
meters of Oak Street, from A1A to Cherry Street. To provide further flood protection at Gemini
Elementary School, retention swales were designed along both sides of Oak Street and 625
meters of storm drain pipe was designed to intercept runoff and prevent it from crossing the road
onto school property. The piping also provided an outfall for the low spot in the road by the
church.

This new pipe system discharged into a residential canal system, which was used by many of the
adjacent residents for boating to the Indian River Lagoon (Bay). These canals were very
politically sensitive since they were in need of dredging and the Town of Melbourne Beach does
not dredge canals. The residents were concerned that the new stormwater system would lead to
further sedimentation of the canals. The first alternative for treatment was to use land at the
church site for a pond for the road runoff. The church was willing to donate the land where their
septic tank fields were located if the County would provide a sewer connection. This scenario
was designed, but when it came time for the church to give easements to the County, they balked
and it was back to the drawing board.

St. Johns River Water Management District, (District), criteria requires stormwater treatment for
improvements which a) increase discharge rates b) which increase pollutant loadings, or ¢) which
increase impervious areas. With this project, no new increased impervious areas were proposed,
but there would be additional water flowing to the residential canal from the extension of the
pipe system to the flood prone areas. These new flows create the potential for increased
pollutant loadings to the canal. Normal design methods would have used treatment ponds to
offset these potential impacts. Due to lack of available land for ponds, alternative treatment
methods were proposed for this project. The District will consider alternative treatment methods
if it can be demonstrated that all other possible alternatives have been exhausted. It would not be
possible politically to use more school or park area for treatment ponds. For this project, CEI
showed that the only alternatives were to tear down houses for ponds, or use alternate treatment
technologies.

The treatment strategy involved maximizing treatment methods within the project basin with
alternative BMPs, as well as retrofitting two adjacent watersheds as additional mitigation. A
total of 1.67 acre feet of retention storage was provided in Phase 2 in the roadside swales and
small ponds. This was equivalent to 0.032 inches of retention from the drainage areas flowing to
the retention areas.
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A treatment train along Oak Street was designed by using 9 Grated Inlet Skimmer Boxes, from
Suntree Technologies, Inc., in the new inlets to trap debris entering the inlets, constructing berms
to slow runoff from the ball fields, and installing one baffle box at the downstream end of the
new pipe system along Oak Street. Baffle Boxes are in-line stormwater treatment devices which
trap sediment, trash, and debris. They have been used by Brevard County successfully for the
last 9 years. In offsite Basin 4, which only had one existing baffle box to provide sediment
removal, 16 Curb Inlet Skimmer Boxes were installed in all of the existing inlets to provide
nutrient removal by trapping grass clippings, leaves, and yard debris. Nutrients were a concern
in the canals since the nutrients promote algae blooms, which in turn increase muck build up in
the canals. In offsite drainage Basin 5, there are 3 existing pipes which discharge directly to the
canals. Three baffle boxes and 6 curb inlet skimmer boxes were designed to provide sediment
and nutrient treatment for this drainage basin. Brevard County Stormwater Utility will
implement this project and be responsible for all maintenance of the improvements. The baffle
boxes will be inspected twice a year and cleaned as needed. The inlet traps will be cleaned twice
a year. Brevard County has a vacuum truck dedicated to cleaning stormwater BMPs.

Using numerous BMPs on this project provided a high degree of treatment for the new piping
system along Oak Street, and provided treatment for two offsite basins where little treatment
existed. The retrofitting of the offsite areas was, in effect, mitigation for the new discharges to
the canal. See Exhibit 1 for a map of the improvements. The estimated costs of
the proposed improvements is $357,000.

CALCULATIONS

In Phase 1 of the project, the dry ponds and outfall pipes were modeled hydraulically using the
Interconnected Pond Routing program. Since the dry ponds in the Phase 2 project area were too
small to provide effective attenuation, the predevelopment and post development runoff
calculations were made using Hydraflow and the rational method. The only available storm
drain pipe for Phase 2 was a 36” pipe in offsite Basin 4. The new piping along Oak Street was
connected to the existing 36” pipe, and the piping downstream of the connection was upgraded to
a 42” pipe. The pipes were designed for a 25 year storm. Basins 1,2, and 3 were a much longer
distance from the outfall than Basin 4. As a result of different times of concentration, the peak
flows from Basin 4 passed sooner than Basins 1,2, and 3, giving only a slight increase in peak
discharge, despite adding 12.25 hectares to the area flowing to the existing outfall.

The potential for increased pollutant loadings in the canal system was a concern of local
residents. These canals had a history of dredging operations every 8-10 years, and the residents
did not want to increase the frequency of costly dredging. The main pollutants of concern
leading to muck deposition in the canals were Total Suspended Solids (TSS), Total Nitrogen
(TN), and Total Phosphorus (TP). Sediment build up at the end of the pipes was common.
Nutrient loadings from grass clippings, leaves, and fertilizers leads to algae blooms and low
dissolved oxygen in the canals, which in turn leads to muck build up from the eutrophication
process.  Most of the material dredged from residential canals is typically muck.
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To address this concern, a pollutant loading analysis of the existing and proposed stormwater
discharges was performed. In the existing conditions, the only stormwater treatment for the
canal system was a baffle box along Cherry Street for offsite Basin 4 of 24.24 hectares. There
were a total of 7 outfall pipes discharging into the canal system.

In the first phase of this project stormwater treatment was provided for 8.02 hectares of the
school grounds with 3 dry detention ponds. The discharge from these ponds was to the Indian
River, rather than the canal system, so these pollutant loads were not included in the pollutant
load analysis for the canal outfall.

The existing pollutant load to the canal only came from the drainage Basins 4 and 5, totaling
31.2 hectares. The runoff from Oak Street did not drain to the canal in existing conditions, only
in the post development conditions.

The strategy for the pollutant analysis was to calculate the pollutant loads in the existing
conditions, and then calculate the pollutant loads after the new pipes were added to the system
and offsite areas retrofitted for stormwater treatment. The pollutants used in this analysis were
TSS, TP, and TN.

Each drainage basin was categorized by land use. Areal, annual, mass loading rates from
"Stormwater Loading Rate Parameters for Central and South Florida", Harper, 1994, were
multiplied by each basin’s area to give existing and potential annual pollutant loadings. See
Table 1.

The next step was to calculate the pollutant removal rates for the different BMPs. Individual
BMP removal efficiencies were take from “A Guide for BMP Selection in Urban Developed
Areas”, EWRI, 2000. What was challenging with this analysis was the use of multiple BMPs in
series for the treatment train. Each BMP receives cleaner and cleaner water as the water moves
down the train. At each BMP, the removal efficiency for each constituent was multiplied by the
remaining percentage of the initial loading to give a weighted, cumulative, removal efficiency
for each constituent. See Table 2. These calculated removal efficiencies were then multiplied by
the total calculated pollutant loads to give the reduced pollutant loadings after the BMPs were
installed. See Table 3. Table 4 shows that the total loads to the canal were reduced as a result
of the retrofitting of onsite and offsite basins.

The pollutant loading analysis below demonstrates that as a result of the numerous BMPs
proposed, the total pollutant loadings entering the canals after project completion will actually be
significantly reduced from the existing pollutant loadings entering the canals. The key to overall
pollutant reduction